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(54) Thin film device provided with coating film, liquid crystal panel arid electronic device, and 
method fbr inaidna tte thin mm devleo 

(57) Any one of an insulating film fonning a TFT, m 
silicon film and a conductive film fbnned by applying 
a solution and annealing it In a spin ooater (1 02). a coal- 
ing solution containing a thin film component which ia 
supplied from a solution storage section (105) Is spin-* 
coated onto a sut^strate. The substrate after coating the 
coating solution is annealed in an annealing section 
(1 03) to fbrni a coating 4Dm on the substrate. Additional 
laser annealing iniproves one of fibn charaderistica, t 



e.» crystalling* oompaotneaa and i 
cation of the coating solution or a reM by M We |it 
process increases utifization of the aoluBonand partitta 
forming a patterned coating film. Sbwe a thin film dai4pa 
in accordance with the present invention is inexpenilwa 
and has a high throughput TFT production liy a pmAio- 
tion system having high utilization of the coat^ aoMfon 
drastically reduces initial investment and 
ooal of a BqUM crystal diaplay dm4Q6. 
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Descrlption 
rrECHNICALFIEUS] 

[0001] The present invention relates to a thin film de- ^ 
vice including a thin film laminate structure such as m 
thin film transistor (hereinafter referred to as TFT) and 
a method for making the same, and in particular relates 
to a thin film device capable of low cost production due 
to a decreased initial investment and a method for mak- 
ing the same. Also, the present Invention relates to • 
liquid crystal panel and an electronic device using the 
ihin film device. 

[BACKGROUND ART! 

[0002] In recent ybars, liquid crystal display devices 
using such types of thin film devices have been used in 
notet>ook-type personal computers, car navigation sys- 
tems, vkleo cameras and various portable informatibn 
device^ and their range of applicafions and production 
is drastically increasing. Such phenomena are due to 
improved performance including reduced price of the 
liqukJ crystal display devices, enlarged screen size, im- 
proved image resolution and low electrical power con- 
sumption. Further cost reduction is, however, required 
for further expansion of the market and range of apf#- 
cations. 

[OOOq The mainstream of the liquid crystal devices is 
am^em^roiiqWc^^ iisThg TFl^ as swHcfv 

ing elements for pbcels. Each liquid crystal devioe In- 
cludes TFTs. a TFT substrate on which a matrix of pboal 
electrodes connected to the TFTs are fomned, a counter 
substrate provided wfth a common electrode, and a fq- 
uid crystal encapsulated between these two substrates. 
Fig. 17 shows the main sectkm of a TFT substrate 60. 
In Fig. 17, TFTs 61 are formed at pbcel positions near 
the intersections of a plurality of source or data signal 
lines SI • S2. ^ Sn arranged in columns wfth a piuraHly 
of gate or scanning signal lines G1, G2. ^ Gm ar- 
ranged in rows. Source electrodes of the TFTs 61 are 
connected to their respecth^ source lines and drain 
electrodes are connected to their respective pixel eie^ 
trodes 62. The data signal supplied from a source line 
is applied to a pixel electrode 62 through its correspond- 
ing TFT 61 based an the scanning timing signals sup- 
plied through the corresponding gate fine. Tlie state of 
the liquid crystal is changed and driven for displaying by 
an electric field between the pixel electrode 62 and the 
common electrode, not shown in the drawing. 
[0004] The liquid display device is fabricated by panel 
assembling including encapsulation of the liquid crystal 
between the TFT substrate 60 and the counter electrode 
and packagii^ of driving circuits for driving the source 
lines and the gate lines, and the cost of the liquid crystal 
display device greatly depends on the cost of the TFT 
sutistrate 60. The cost of this TFT substrate 60 depends 
on the manufactiirirtg method of the TFlb. Apaitof drh^* 



ing circuits may be fomned on the TF T jBirt )strate 60 by 
forming the active elements with the TFTs, end in this 
case, the cost of tiie TFT substrate occupies a Wgh pro- 
portion of the cost of the liquid crystal display devloa. 
[Oobq A TFT has a thin film monolithic stractm In- 
cluding a plurali^ of thin films wHch include al least • 
silicon semiconductor layer having an insulalihg layar. 
a conductive layer, e souioe. a drain and a channel re- 
gion. The cost of the TFT greatly depends on the pio- 
duction cost of the thin film monolithic strudtm. 
[OOOq The insulation layer in ttiettinfibn.monomc 
structure is fonned by a low pressure aiemteal vapor 
depositibn (LPCVD) pmesa or a plasma enhanoad 
CVD (PECVD) process, since a normal premm CVD 
(NPCVD) process results In low unHbmrtHy of tf»a flRi 
thickness. The conductive layer, or typicalhr ttia meM 
layer, is formed by a sputtering process. The sWoon ttn 
for fonning the sSUoan sentonductor laysr Is also 
fonned by the PECVD or LPCVD process. IHirther. • 
method for implanting an Impurity inib the ^lioon lOm by 
an ion implantirig prooesa or an ton dopino pcooaaa la 
used. AKemathfely. the high concentratidn imjJ Mrtgr 
gion vkfhich fkjnctions.as a somui drflin reQlon to toirmatf 
of an impurity^loped sBioon film in a CVD syrtem. 
[0007] The CVD systems arid the sputtertog sy stoan 
used in the atx>ve-mentioned fibn deposlbon prooessaa 
belong to vacuum units for processing materiate under 
vacuum pressures, and require large vacuum ey^aaw* 
resulting in an increase to initial investment, to the weo- 
~ uum 8y^ern. lB liansfemsd to a vBcuu m 

evecuetibn chamber, a sutatrale heating chambai; m 
film deposition chamber end a veni chamberiri thsNr* 
der to form a film. The sul>strate atmosphere therefcia 
must t>e changed from open air to vacuum, andfliiaiin- 
its the throughput Since the ton Implanter and thi^^p^ 
doping system are ato vacuum systems, lha samp 
problems as above occur. Further, the Ion imptentar aotf 
the lorHdoping system reqube complex mechonusms lor 
generetirig plasma, extracting ions, mass-separalino 
the tons (fbrthe ion i m p l an ter ) , aooetoratingtona,ob»- 
meting ions, scannino ions and so on, resuNino ln^ ee- 
markably high tottlal investment aaaL., 
[OOOq As deserted above, tha fMn film dupuriioii 
technology and the proces^ng technology for prodycino 
e thin film monolithto stmcturels basicaly Bimfi a r to tia 
manufacturing technology for LSI x arculto. The liiato 
means for cost redudion of the TFT sutgtra tolnc teda 
scaling-up of the substrate alae for Ioniin0^^ Im- 
provement in effidenqr of tha toto filmdepdrflfana«d 
its prooesstog step, end improvementto ifMdL 
[OOOq ScaHng-up of the substrate fliza for prododjiiQ 
large liquid crystal display devices with reduoedcip^to 
an obstacle to high speed transfer of the sutis trat a a in 
the vacuum system, erxl causes breakage of the sub- 
strate due to tiiermal stress during the depoe^tion stapa, 
hence it is significsntly difficult to toiprove the throMOhpul 
of the film deposition system. Also, the scalihQ-upof 
substrate sizeinevilably re^iiines eeafing-up cf AaJIbn 
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deposition system. An Increased cost accompanied by 
the increased volume tn the vacuum system further hn^ 
creases the initial investment, and as a result, it is difl&- 
cult to achieve drastic cost reduction. 
[00103 Although an increased yield is a valuabSs 9 
means for cost reduction, a yield near the limit has bem 
achieved, and thus drastic cost reduction Is difficutt tn 
vtosfofthoyfc^ 

[OOlilJI Pattemlng of each layer is perfomned by a pto- 
tolithographic process. The photolithographSc pmc2XX) ^9 
essentially Includes Q coating stG^), (Hi aapKSitTQ c&zj^ 
and a developing step of a resist film. After these stepa, 
an etching step and a resist-removing step are requte^ 
hence the steps fbr patterning is a factor in increasing 
the number of stieps for thin film deposition. This is a 
fector in the increased cost of thin film device prcduo* 
tea. 

[OOlSJI Regardir^ the resist-coating step In ths p5tcC3> 
lithographic process, cnJy less than 1 % of the resist di- 
lution dropped onto the substrate remairts on the suS^ ^ 
strate as the resist film after spin coating, deterioratisTS 
the efficiency of tha use of the resist solutto. . 
[OOHS]) Although q printing process has been p?o- . 
posed as a lovy cost process Instesd o7 q Hango oedio 
exposure system used in the exposure step, it has rttsZ 29 
yet reached practices usq dus to problems su^ co- 
prooessfc^ ©mnncr^ 

I001I43] As descn*bed above, it Is not possible to droo 
Jl^l'y f]???4??i^^^ TFT substrate, although tto . 

rnartcet requires drastic price reduction of the fiquid cryo- S9 
tal display de^teixj. 

1001^ it is an object of the present invention to p?^ 
vide a thin film devtos and a method to* maCcETC^ Oo 
same. In which a part 07 aQ of the fiCTno En a tfrcSn 
olithic structure used for a fiquid crystal display devb^ 
are deposited without a vacuum system In order to do 
crease Initial investment and operation costs, increaco 
the throughput and significantly decrease the produo- 

tol O03G3. 

I00i(^ Bt is another object of the present invention to 
provide a thin film device and a method fbr making tSto 
samo. In which a thin film having characteristics simScr ■ 
to those of a CVD or sputtered film is formed of a coatina 
film whSa achlavir^ cost reductbm. 

[OOUT]) It is a further object of the present invention to <^ 
provide a thin film device and a method for making ^ 
same. In which the consumption of a ooatir^ solution b 
decreased In the formation of the thin coating film Cor 
achiov&tg cost reduct&Qs^ 

[001^ It is still another object of the present biventkm ^ 
to provide a thin film device and a method fbr makbtg 
the same, which is capable of patterning the formed fSsua 
without a photolithographic process and thus reduccTi^ 

thQcscS.:. : • . 

[0019]] It is a stni further object of tiie present inventions 93 
to provide a thin film device, a fiquid crystal panel and 
an electronic deyioe using the sams, bi a p&isp 
fn contact with the liquid ciystal can be planarlzed ^ 



forming a pixel electrode with a coating 
[0020]] It is another object of the present inventSiKTO 
provide a thin film devioQ, a fiqiAd crystal paRs9» @7td cm 
electronicdevioe using the same.ln whtch^ wfrii^ Hosier 
can t>e used as a fight-shieldlrto layer ftcr a blscSc m^it^ 
and the thin film devcoe has a h^h aperti^^Q 
tpb21l] It is stin another object of tha present tnveTtSss) 
to provide a fiquid crystal panel and an electron^ ds^fSsD 
which enat>le cost reduction dies to ussQ c3fm iJvatBStC3> 
sivQ th^ ^!:7n do^^uSD. 

[DISCLOSURE INVEhrnm!]^ 

[00223 AccordlrigtoanemSE»dimeritofthepfesc7Cltf^ 
ventkm, a thin film device has a thin fi3m monolithScoGsra^ 
ture comprising a plurality cS tt£n fSma incEiH^ oft Ccxx^S 
one insulating layer and G£t teaot mo comUtti&vo C^Sr^* 

..whs3c!ja 

at least one tfifn ejwo ^ t^tira tap monc^TA^s 
structure is formed ^ q coating ^im {exdusSiTtg o 
on-glass film having q baote struciiETQ oompjfes&tg c3» • 
loxane k>onds). which obtained by app3y&^ o oa^n^Hsn 
containing a oonstituetrtS c3 tto ttt!n mn CdCo«^ ^ 
ne8i!s3. - 

|0023!I| Anriethod^maCdn3fih3t9i£»i^de«^i03CTSj> - 
p7f3(S0 the fo!!ou^ otc;^ @£ 

applyir^ a coatir^ soSutEon oo7ita!in!7t3 q ooTtsdSSuc^ 
of th3 tto» cjBtD Q substratD; C3C£l 
forming a ooatcn© tefi (excfiud&tg q sp^Twrn-gScrx) 
film having a t)asJc .structoo ooTnprising sltoncra 
K)onds) by anneaRng th3 coated surCstoe of tha 
■stelb. . " 

[0024^ In the presesU tTiventEoTB, ot bast 07ts ^sf^tt^ 
the thin film monoDthSo stntcSuTQ fo Cb?msd go q oodlf^ 
film without a vacuiMi system ^ Doc^ Q ooatiJig 
spin-on-glass (SOG) having m ba^ struct&no <S£pu> 
prising sTk>»ane bo3w23o wJri^ hoo bssxra ujoc^ C3 o 
planarization layer, has becxn toto^ ThQ OT^air^ 
film is, however, readSly etcSted duTfrtg an osy^OTV &£!=o> . 
ma process, whereiao'tto tniOg gan!c 80Q tta rsc€^ 
cracks even if the fiCjn Q thScEroco 0? oev^^ 
sand angstrom^ herostt b bmsH^ used 6o!sl^C3oa 
Interlevel insulating tSjSDo eJtd to ft«S(sd 03 CJ^Sf o p3car:::S» 
zation layer dtot^ a CVD bisu3ati7tg C?sa. 
[002311 b» the pn3©ssa trwsrttoi^ Gija tnsuSa^ng 
and a conductive layer mnposb^ o ftoi moTto^^truS 
structure are forrned e7Q os^ting o^^tsfth^ t^ 
film, and the thin film can be pSaimized @t fito sams C!so. 
Since the coating tIBsn essn to tlicmnsd vtfSthoua o vGBs:£nSi 
system such as a C^fD s^teoii or a sputtering (s^iXzMo 
a mass-production C^-^m b3 ooTistructed wSth q o^;^ 
icantly smaller invest2nrt39i3 oontparc^ Co oonven!tec3 
systems, the throughput of the system can betncreox:^ 
and the cost of the th£n fSm devCoQ cs3i to drasfo^ 
redug::^. 

[002iq The'th£n.^0nono!^h!cstn£6tU3^ 
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lous structures, for example, those including semiccTih 
ductpr layers, those including thin film transistors, artt3 
those including an underlying insulating layer and an uj^ 
per protective insutelir^ laysr. 

[00273 In these cases. It is preferable that aO the insu)- S 
lating layers contained fan the thin film monolithic stnco- 
ture be formed of a coating film. A giate insulating layer 
requiring a critical film quality for ensuring desired 
film transistor characteristics, however, may be fmrns^ 
tjy a method other than a coating process. 
[OOaSJ It is preferable that at least two thin films in ths 
thin film monolithic structure be fonnstS q coa^Tcg 
process In order to reduce the device cost which to o 
purpose of the present InventlcJi. 

[0029J The insulating layer can be formed of a SiO^ is 
coating film which is okytained by applying a solution 
taining a polymer having SI-SM bonds (polysilaSarcQjCgJ^ 
lowed by a first annealing process In an oxygen atmoo» 
phere. Since the polysilazane having the above stmo* 
ture exhibits high cracking resistance and oxygen fjiss> sa 
ma resistance, a single layer can be used as an insuSc^y- 
ing layer havine a ghfen thickneoD. 
[003fl^ n Is preferable that the insulating layer be 8u3> 
jected to a second armealing process at a temperatioo 
higher than that in the first annealing process to further ^ 
clean its surfaos. Tlt3 seooTcd aroieaEjig pstxosoo ksx:?? 
be perfonmed at a high temperature for a short perfn9 
uslr^ a laser C7 a laffs^ 

[003D]) The semlooriductor layer is formed by imptestt- 
Inganlifhpun^ £9 
by applying a soiuttm containir^ sB!oon partScSco C& 
lowed by a first annealing proceoo. 
10032]) It is preferable that the semiconductor layerto 
subjected to a second annealing process at a tempeffo- 
ture higher than that in the first annealing process totm>- S3 
prove the crystallinlty In the layer. The second anneat!?^^ 
process may also be performed aft a high temperatsoo 
for a short period using a laser or a lanqsu 
1003^ Preferably, a method for diffusing an impwt^ 
into the sincon coating film comprises the foltowing stepo <o 

forming by coating en impuritycontalning layer on£o 
fthQ siRoon coating film; est^ 

diffusing the impurity into the silicon coating ^ 
heatir^ ttha impuritycontaining layer. 

[00^ Conventfonally, the high concentration impusft- 
ty region which functions as a source-drain regkm hdo 
been formed of an impurity-doped silicon film by a CViD ^ 
system, or formed by Introduction of an impurity by ca 
ion implanting process or an ion doping process, whsso- 
as in the present invention, a source-drain regkm ^ 
formed by a step olT applying and baking a solutioTi to 
form a thin film containing an impurity, and by a step 69 
annealing the thin film at a high temperature for a sho3i 
period using a lamp or a laser to form a high concentinD- 
tion impurity region. The ton implanting system and CDo 



ion doping system basically befoi^ ftp vacuum systssra^ 
and require extreme^ compDcatsd rriecharilsnrtD Cs7 
generating plasma, extractij^ tost3. mass-separafag 
the ions (for the ion implantet^ aooeleratine torto, cni[3> 
mating ions, scanning lorn and @o on, henoalheoo ^z® 
systems have evidentis) high p^ioso compared to ^ 
system for coating and annealing the tMn fibn oontalstf7C3 
theimpinS^ 

[00339 There are tt5«methodaforfonT^tft3C03n2j£3> 
tive layer. In orte method Q thbi metal fibn C3 foTmstS CjcS 
in the other method ot?^ transparent condiecflvoC^AiDtD 
fbrmc^ 

[0030^ The fbrrnatkmcif the thin rnetfid film G3 CI <BQS^ 
dudive layer includes ooatlRg c/I m soiutlon oonta&i!3i3 
conductive particles then evaporatirtg tho soBvenS Qiy o 
first annealing procoGO. A oonductivo ooatinsj H&OD iscm 
be theriBby fomc^ 

10037]) It is preferab&3 that tto conductive layer db® 
l>e subjected to a seooTtd o^msdlZjts pTOce^ o C:xa^ 
perature higher ^tsm @tc^ QszA armea&ig pTOSCCO 
to reduce the resistanoD tha eayo: Tto oeoost^ aj> 
riealing process may ba perfomtsd e& q tomjtcso- 
tiirefprashojtpeirbdusbtsQllasGrorQlkrn^ . 
[003^ PreferabSy^aiRethodforfonriCnQQtrarispsscsl 
coriductiva fibn 03 Q oondueSiv® las^ oompTCcc^ 

a first anneafing step artTtealbtg the ooatstS ouaQcso 
in an oxygen or noninsducSlSvQ atmosp^tcso; ctc^ 
a second anrteaBitg otisp anneal!?^ to <B23t^ c^' 
fece In a hyiisnpsj:^ 

[00393 When forming th3 trsrtspareritelectrD:Sb(^ 
conductive layeir, for oasmp53, ®n organSe add ooJi&±ft^ 
ir>g indium and tin io used QO Q TOattng soSutton. PffcCbJ^ 
ably in this case, a so9v^ ussd adjusting tto ^^cmO' 
ity is evaporated (ofi, tor enssmpSo, Q temperatoo ®J 
proximately 1C0 °C) otto coafin^, and.thsn fito GQnRJO» 
mentioned first artd &3O03t^ aitnealcng processes okd 
performed. Indium onide artd t£n oside are fonned^Socta^ 
the first annealing process artd the (Km !3 reduced da£^3!3 
the second aririeal&igpjDoesofn QhydrosG30 4t7rc£:^ 
tive atmo^j5tC30. 

10040]] It .is prefierBbSo ftot ^ feampersitaDO tn Gto cio- 
ond annealing prooeso b3 to^j^c^rthsm thsiH 5n ©ta Cni^ofr* 
rtsaETig pmKxrx. 

1004D3 The transparosd ^nducth^ ooatbt^ ^ 
the first annealir^ pToosoDCsn bs praventisd te^ Oto 
mal deterioration tnt&co QQOond armealSna pmscca. 
[004^ PreferabSy, tto substrgib fo maintabts^ fa Cfep 
nonoxidizing atmosphcso tffio seorwt^ annecCjcg 
process untflthesubsMQtarnperattnQtgdscsTSSc;^ 
200 or less. Th3 rsonida^on cJ ths tran^^im^ @S3>> 
ductive coatir^ film risduo^ during th3 seooTtd (simcdi^ 
ing process can bQ thereby st^spressc^, artd t^t^ CjO 
sheet resistance of tha trsnsparent oonductlvQ ooq(^ 
film does not increaoa preforabEe that th3 subs^A::^ 
be Introduced Into opon c& ot o teffnp37atu30 
or less in orider to enooco pT^Q^AsritEon c^ 
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Since the resistivity of the coated ITO film decreases tn 
proportion to the oxygen defects in the film, the reoxid©- 
tion of the transparent conductive coating film due to on- 
ygen in the open air results in an increase in the spedC^s 
reslstiv^. 

[004SJ In the formation of the transparent conducthfQ 
coating fltrn« a coatir^ solution containing indium {in) 
and tin (Sn) is applied onto the substrate. The coating 
film is oxidized in the first annealing process to form Qn 
rro film. Using the coated ITO film, the conductive layer 
Is also usabSe tor tha transparent electro^ 
[00443 VVhen the suifece of the ITO film is plated with 
a metal, the film can be used as a coriducUve layer othcsr 
than the transparent electrode, and the metal plating 
can decrease the contact resistanos. 
[004S]) It is preferable that a conductive sputtering fitm 
be formed on the contact face of the coated ITO film Ibsf 
a sputtering prooc^ 

[004e!| An exempts of the thin film monolithic structusQ 
is an active matrix substate indudif^g pinel sv^^tchlng <^ 
ements provided on their respective pwels. which wo 
formed near intersections of a pfuralHy of data lines w9t9i 
a plurality of scanriihg Ones, and pixel electrodes oo3^ 
nected theorcCsu 

[00473 A typical pixel switching element used En tho 
active matrix substrate Is a thin film transistor. The t^^ 
film transistoQT as the pixel switching element indudeo o 
gate electrode electrically connected to one of the scsJ^ 
nir^Jines and a dnain electrode electrically oonnedsd 
CxTone o^ ^ pixel electro 

[004@]| n is preferable that the pbcel electrot£s3 to 
formed of a conductive coating film in such a thin fESffvi 
monolithic structure. The surface in which the pwel eCs»> 
trodes are formed generally has steps, while the surface 
of the conductive coating film is almost planarized wh®n 
the pixel electrode is formed of the conductive coatistg 
film. As a result, rubbirtg can be satisfactorily performs^ 
and occurrence of reverse-tilt donoains can be prevm^ 
. 

[00401 tt is preferable that the conductive coating fibn 
us^ for the pbcel electrodes be a coated ITO fam. Ttto 
coated ITO film functions as a transparent electrotbc:^ 
is suitable for producing an active matrix substrate £n O 
transmisscon OquCd crystal display devSoD. 
[OOStSfJ The thin film transistor as the pixel switchir^ 
element includes an interievel insulating film formed m 
the front surface of the gate electrode, and Cto dsitb 
and pixel electrodQ are electrically connected to tfi!CO 
souro® region am9 the drain region, respectWcS^. 
through contact holes formed in the interievel insulatlRg 

[003*3]) The interievel insulating film may be composed 
of a lower interievel irtsulating film which lies at the kwtfCT 
side and an upper interievel insulating film whicdi to 
formed on the surface of the lower interievel insulating 
film. In this case, the data line is electrically connected 
to the source region through a first contact hole formed 
in the lower inteffevel Insulating film. On the other hsst^ 



the pixei.electrode is eleciricaDy connected to the d?c!n 
region through a second contact hole formed in thQ to^ 
er interievel insulating film and the upper interi3vc3 tn>' 
sulatir^C^ jj 
[00523 In such ia configuration, the dats/ I!n3 and t&ro 
pixel electrode are formed on different iay&rs from oc^ 
other, hence these do not ehoTt-cim^ each othsr ot^cn 
if they are formed at a posftEon tn whteh they oveftapt^JSa 
each other. The peripheffy oJ the frixol electrctfiD ©:rn> 
therefore be arranged ebove the datsi t!ne end thQ aBCS>' 
nIrtg&tD. 

[00531 As a resuSt, no planar gap is present bett;:?^ 
the data line or scanning I!n3 and the pixel elocSm^ 
The data line and the scanrdr^ Kneoan therefOTQ ^i£j?> 
tion as a black matrin having e light-shielding ftmcSSsn. 
Accordingly, It is not requSrtsd to ftwni e Bghl sWeStCstg 
layer as the btacSc mstTto by an additiona! psooccn. 
[0054| Since the range capabSe cJ fomiing ffiio p5nc3 
electrode is expartded, thQ ©g^sTtacro rsi^ of thQ p^ncS co> 
gion 48 increasG^ reouS&tg ^ o bright KStss^c^ 
[005Sg ltlspreferab!Qthstth3pSxe3ee3ctrodQ(:nw[C^ 
of a conductive coatir^ fKm be electrtcalSy oonrtecCcx^ 1^ 
the drain electrode through Q co n thtc fl ve sputtefffng 
[oosej Since the sputtering l&n hso Q hytsfsr oostt:^ 
resistance than that o? thQ oo T t du ctfvQ oosit£ng 
contact resistanoa csn bQ redu»sd ftQf &iterve8^Jt3 Cto 
conductive sputterir^ f2m between the conducSvs ©sc^ 
ir^ fi!m arrd the 60X£7C3 rtsg^ssB. ^ 
[00573 ^ ^ preferable the oonductivQ sputterir^ 
be a sputtering ITO fBm oo ssQ not to decrease the apcib>> 
turertcSd. 

[0058j| When the conductive coating fSmiarid the oon- 
ducth^e sputtering fibn ^mfo the sants pattern, tho csssfl- 
racy in the pattemir^ of thQ pix(^ electrode ctsn bo'CnA> 
proved, because a resist CSTn^n be tomed on cn^GtD 
conductive coating fiGm havE?^ h^ adhesiveneoo CoCjco 
resist mask and the awtductivo ooatfng fiCm and ®to <gS3>* 
dudive sputtering film can be simuitarteousfiy pattsmc:^ 
Resist mask formation on the conducthfe spiitteirfTT;^ 
having low adhesivenQGD Co thQ resisa madJt t3 
quired, arul a decrease bieooioecybi the patten^Tig^Cj^ , 
t»avo5£3^ 

(OOSgU Whsnth®ccJti£uc9Svoooat&ig<i^ 
ductive sputtering fSm dooD no! ^m^o the samQpsiQS^^sa^ 
it is preferable that ths perfjjhsjy of Shs oonduBfigyo <ssc> 
ing film Bes outsltfiQ of thQ peafjihssi; o? thQ oonxfec^^^ 
sputteT&tg C!}:a^ 

[OOCffi Resist masCco (i:3Q.8eparsitd^ itojmc£ (s:^ Oo 
conductive coatii^ fiCsm end tho ooTtductSvo qpu22c:£^ 
film and are separate!^ outjected to eputte^isfig b^ <£Co 
ent steps. The aoours^ of the pattem&ig 1]So7 .thQ po^^ 
ery of the pixel electrodQ depeniSo on thQ aoouTC^ 
the patterning to ©iQ wmdircaSvo ooating fcCjn hSR^ o 
larger patterning dimension th^ th^ o7 thQ oond3£^j^ 
sputtering filnn. ThQ te» araoaqf oJ thQ pattentotg C§7 
the conductive sputteri?^ fiCm havcng tow adhesJvsaccxrj 
to the resist mask (£oq3 ®tQ eccuTnc^ (S? Geo 

pattentSngjCorthQ pSnd efieo(is^ic^ 
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[006^3 When the conductive sputtering fnm and ths 
data fine are present in the same layer, these can to 
simultanebusly fbnned of the same metal materisl 
[0062]] AHematively, th© conductive sputterir^ tSja 
may lie above the data line. In this case, since thesQ 6 
layers are formed by different steps, these layer may to 
formed of the same material or different materials. 
[0063]) The Interievdilnsulatingfilmmay Indudea lo«^ 
er interievel insulating fQm at the lower side and an uppsr 
Interievel Insulating film deposited on the surface b7 tSo «® 
lower interievel insulating film, and the data Bna am3 
conductive sputtering film may be formed on the surfacs 
of the upper interievel insulatirig film. The data lin® ti 
electrically connected to the source region through Q 
first contact hole formed in the lower interievel insulatir^ 19 
film. On the other hand, the conductive sputtering f&m 
Is electrically connected to the drain region through q 
second contact hole fonrned in the upper interievel insoa- 
lating film and the lower Interievel insulating film. Tto 
conductive coating film is deposited on the surfece o2 » 
the ooTKluctivQ sputtering fitsnL 

I0064J Alternatively, the data line and the conductlvQ 
sputtering film may to formed in the same layer on tto 
surface of the lower interievel insulating film. In tWs 
case, the data fine ts electrically connected to tto 
region through a first contact hole formed In the tower 
interievel Insulating film. The conductive sputtering fi!3va 
is electricafiy connected to the drain region through* o 
second contact hole formed in the lower interievel insys- 
lat'ng film. Further, the conductive coating film is depc^ so 
ited on the surface of the upper interievel insulating toflj. 
and electrically connected to the conductive sputtering 
film through a third contact hole formed in the uppsrtTi- 
terteve§ insiilatir^ {^CadL 

[006^ In accordance with another embodiment, a &5- ss 
uSd crystal partsS oomprls(S£j: . 

. an active matrix substrate provided with the abo^ 
mentioned thin film devtai^ 

a counter sut>strate fedng the active matris sua»- <o 

a liquid crystal layer encapsulated between tto o : . 
five matrto substrata and tto counter 81^13^7^ 

I006(3g InaccordanoawNhafbrthGrernb^^ C3 
electronic devioa comprises tto GquSd crys^ ^tcrs^d 
10067]] In these casos.' tto cost pwJucatai en tto Cea 
film device enables drastic cost reduction of the liqi^J 
crystal panel and tto electronic device using the Hqadfl 
crystal pETtcO. Q?. 
lOOeaj In tto abovo-mentioned solutidn coating ste^ 
it is preferable that tto solution be applied to only tto 
coating region on tha substrate to form a patterned coe> 
ing film on the substrata, because a photolithograp!h!s 
process including many steps is not reqi£?ed. Acooji!^ 
to this process, consuniption of the coating solution dfe)- 
creases and thus th<d operatton cost can to v^Cipso^ 
[OOeSfg In acoordanoownhstill another embodinienais? 



the present invention, a method fior matdr^ © tfr^ 
device is ctoracterized En that a patterned coating 
is formed on tto 8ul)strat® Gs^ 

prepa ring a coating solution dispertset head p?o^!^ 
ed with a plurality of fiquid disctorgir^ nozzico. cn^ 
discharging tto ooatir^ solution onto only tto «c^. 
ing region on tto substrata v»hi9erelative8ychan!s;!3i3 
the positions o(f tto sutistrstQ and ^ Isqufd 
- ctorgin^ rtossficOb 

[00703 This method can to achieved by; ^ emrmfio, 
an Inkjet process, ^noe tto coating solutionis not t^^cr^ 
ed and no photoIithographSc process requinsd* 
method greatly contriknites to tto investment cost 
tion and improved throughput For esampSo. tn oomcs^ 
tional coating technlquao onSy appn»dmatcS^ H 
dropped resist bias b^n used m a coating (Sbsnt . r^isit^^so 
as In tto present invented) 1I09S or moTO o7 m dro^x^xc^ 
resist can to used ao m ooatir^ i^!m. O^oousi^p m:^ o 
high coating effidency to5d^ tor tto othsr ooat!7i^ tZjuO 
in the present inventioTB. and thus tto reduosd u@® €3 
coating materials and tto roduosd 0m3 tn tto csss^t^ 
processes eriat>to tto cost reduction of Gt3u5day8&d^!> 
playdavtoco. 

I007111I tt Is preferebEs that ttosa nazztss to Ma^tsscS^ 
ently controlled to disctosi^ er to dischasfso Go 
coating solution, and pasitots c7 tto sinistrals amS Geo 
discharge nozzles to rel&ti^tfe!^ changed vi/}^ qoti^ai!^ 
ling the coating timir^ on tto rtoszb. C^^OTts precsso 0XQQ» . 
tern coatir^ can thereby to ac^i£cs?t;c^ 
{00729 Such a coating process is appficabSs to coa^Tt^ 
of various coating soSutSoTtQ Cor ^omvmQ ooat^ l^sco 
other than coattrig oif tto rascst tomi^ Q ccx£3(^ 
tern. For examp8o,ff antnsuOatBtn^ coating SETints poS^:^ 
coated, a contacft toSo csa to torosd sbFiuBtaatsm^ 

with tto G0S!£it5. 

[0073]] As describsd ato^ tTH aocoTdar^. Go 
present invention, a psrrt or €£3 otf tto th^ fSmo (ko 
formed by applyir^ artd anneall!?^ q soCutio:^. tosccso.o 
. thin film device can to produsesd vM^ isst, {nenjpast::^^ 



Fig. 1 is a t>locSc dis^7;s:7n o^a ooatir^ fitm depa^^0^ 

unit used on a first erntod&vtani'bB aoooMsra^ cCja 

tto prasaina tmfssct^s^ 

Fig. 2 is a btocCc diagiTEim cffartottor ooatir^ 

osltion unit ussd q tet rnitoodSmssti tn tsussas^ 

ancd vtflth tto peasant fTivaini&sse. 

Rg.3 jsacrooi^eBcgforega^^woffQcopliartsg'-^^ 

F^.4isa cro89-eac8c07ts:9v69«fOjfarevam8t 

typsWlg 

Fig. $ is a trfocSc dis0on o^Gn tTfr^Srta-Q^ 
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film deposition unA used in a first embodiment in eo- 

cordance with the present inventicTt; 

Fig. 6 is a blod( diagram of another in*line-typ3 

coating film deposition unit used in a first embod^ 

ment in accordance with the present invention; ^ 

Fig. 7 is a block diagram of a silicon-coatir^ film 

deposition unit used in a first embodiment in second 

anca with the priBsent inventton; 

Rg. 8 is a block diagram of another s;ncor>-coatir^ 

film deposition unit used in a first embodiment in ^ 

cordanoQ with the present inventiOTn; 

Fig. 9 is a flow chart illustratjng a method for met^ 

plating onto an ITO coating film surfao^; 

Ftg. 1 0 is a cross:^ctk)nal view of a production stGS> 

of a coplanar-type TFT using an insulating layer ^ 

containing an Impurity in accordanca with tho 

present invenSoss; 

Fig. 11 is a cross-sectional view of a production 
of a reverse staggor-^ypa TFT using an insulating 
layer containing an Jmptifity in, aocordanoa t9 
present invenSs^ 

Fig. 12 is a block diagram of a solution coatirig unSl 
used in a first emttodiment In accordance with ISso 
present Inventosi; 

Fig. 13 is an outlined schematic view lllustratir^ a ^ 
state of the solution coating unA of Rg. 12 after sp&ni 
' ooa&i^ 

Fig. 14 is a bk>ck diagram of another solution co2Q» 

ing unit in accordanca with the present tnv(sn::!sjii; 

Rg. 15 is an enlarged partial view of the solutoro S9 

coatb^ urtSl shown In Ffe. "94; 

Rg. 16 is an. enlarged partial view of the solutctm 

coating unSt shoftm in F^. 14: 

Rg. 17 is a schematic view of a TFT substrate fiwwo- . 

-Ir^ Q 6qu5d crystal display deyte); ^ 

Rg. 18 is an enlarged plan view of a portion <s^ o 

pixel region indeperidently formed on an active n^ 

tri» substrate for a liquid crystal display devioa 

accordanoQ q second emtx>dimen(l 

present biyente^s ^ 

Rg. 1 9 is a cross-oectional view taken atong sectiss^ 

Fig. 20 is a crosa-sectional view illustrating a msSS^* 
od for making tho active matrix substrate shown 

Fig. 21 is a croas-Qectionat view illustrating ths CsS^ 
lowing steps after the steps shown In ftQ, 
Fig. 22 is an enlarged plan view of a portion o7 a 
pbcel region independently formed on an active nno- 
trin substrate for a nquid crystal display devto ts) ^ 
acoordartoe with a third embodiment of the preaisrvl 

Rg. 23 Is a cross-secttonal view taken along &ec/&03^ 
IHircc7!F^.§^ 

Fig. 24 is a cross^sectional view illustrating the €o9» ^ 
lowing steps afteir the steps shown in Rg. 20ln^ 
production of th® active matrix sut)strat3 d:uK::^tn) . 



Rgs. 25(A) and 25(B) arta enlaiiged longitudCnc3 
cross-sectional views near contact holes of a oiKu> 
parative example and an exampS® En aooordanxeD 
witii the present inventkin, respecAlvG^ 
Rg. 26 is a cross-sectional viat^ of (sr structano 
accordance wS^ q fbuft&t embodimis^ Oto. 
present invention, taken along section BHO' of ^ 
2Sz 

Rgs. 27(A) to 27(S) aio cross-sectional vievso $7 o 
method far maCdng thQ activQ matrfxs substffoCD 
shown S3; 

Rgs. 28(A) to 28^ ©ra cross-sectional views CJfCjto 
following steps a^sr th® steps shown b% F^ 
Rg. 29 is an enlarged plan view o^ a portio:n) <s3 Q 
pixel region independeritfy formed on an activo cuto 
trix substrate fSor o tiquSd crystal display d®v£sD tn) 
accordance with a fifKh embodimsnt of thd praccsl 
invento); 

Rg. 30 is a cross-sectio7t3:3^^3W tsScsn akn^ sgcC^ssq 

Rgs. 31 (A) to S5I (P) ©7Q ono30-«ec4kwKi3 ^^s^D* 
tusUating the foRo^j^ng steps aftey the steps eShs^zs^ 
Iri Fig. 27 In the producto* c^ th3 activQ maGJ^ 
strata 8hfiR»3i tTi IFSg. ^ 

Rg. 32 is an enlarged pSaso vio^ o7 q poTfom (s3 a 
pixel region IndepsndenSSytlbTvntsd on an actiwocso- 
trix substrate Co7 a BquM crystsS display da^^ ts' 
accordarice with a sstfft ambodlment o7 tha pTQCC3^ 

Rg. 33 is a cross-sectotsiO-vcew taken aCong 8(S^^S3 
l(V-«V'c?P53.iS; 

Rgs. 34(A) to 34(D) ari^ cross-sectional views €~s=> 
trating the foIk)wirt3 steps afisr tha stepo &^W!^t^ 
Fig. 27 In the production Gtf tto activ3 matls^ 
strata atos^fTO ^ 

Fig. 35 is anertlaTgcd p9s:n vCsR::;c7a po7®s:9(^Q 
pixel regk>n Independantiy Domiad on an acA^ cz:> 
trix substrate Cor Q Ck;ufd crysts^S display dev^ to) 
accordance wwn) a oaven^ embodbno?^ 
preserut cnvs^t^sss 

. Rg. 36 IS a cross^sectio?^ view takan atong ©Gsds^a 
V-Vcf(F?g.£i; 

Rgs. 37(A) to 37(C) ctq crosa-aactioresO viawsOo- 
trating the fottowcng steps after tfta steps Gta;::3C:Ai 
Fig. 27 in the p7cdi£C(So?!i o7 tto octivQ iinato 
strotQ shcwm fji (Rs). 

Rgs. 38(A) and 38(@) OffQ sc^tamatic vie^ c^o:^^ 
matrix sul)strBtQO Cor I^qaiJd crystal dispSoy dG^^sco 
in accoTdSTtss otoSlhsr amS»»te::rt:g 
Rgs. 39(A) and 38@) gutq enlarged tongK^u^^sc::!) 
cross-sectionc) • vSsct nocr conts^ toSco ts? o <3s:s3> 
. parativa exampis cjtd en axamjiSo tn aoooTdcrcsD 
with tha praa^ bwoTHfiton, respacSS^^c^ 
Rg. 40 is a bk»:k dhs^Tcm of a Icqu5d crystal dl^^t^ 
device inckided en Qfiactron5c dav£o3 tn accost 
ance with an eighSh amfimdimaint of th9 prasca3 &> 
ve!iC!sa5 

Fig. 41 Wan€Mt!&tcdc903CKsactio7c^t^Q^a^ 
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Jector as an example of the electronic device using 
the fiquld crystal display device of Fig. 40; 
Fig. 42 is a schematic view of a personal computer 
as another example of the electronic devios; 
Fig. 43 is an assembly view of a pager as a further « 
example of the electronic device; aitd 
Rg. 44 is a schematic view of a liquid crystal display 
device provided with a TCP. 

[BEST MODE FOR CARRYING OUT THE INVENTIOiSS] 

[007SJ The present Invention will now be descn*bed b% 
detafl with reference to the drawinga. 

FIRST EMBODIMENT 

(inustration o? Thin Fflm Device Structura) 

1007(331 Two examples of thin film devices including 
TFTs ana shown. En Figs, 3 and 4. 
100773 Rg. 3 is a cross-secUonal view c? Q TIFT iE±sg 
a coplanar-type polycrystalline silicon. An insulating lo^ 
deriayer 12 is formed on a glass substrate, and a po3y^ 
crystainne siHoon TFT is fbmned thereon. In F^. 3. ths 
polycrystatline silloon layer 14 comprises a soured jq- 
gion 14S and a drain region 14D which are highly dopsd 
with an .impurtty, and a channel region 14C therebo- 
twcca. 

100703 A gate insulatir^ ^Hun 1 6 fbmtsd on OtQ ps!^ 
crystalline sflicon layer 14 and a gate electrode 18 and 
a gate line (not shown In tha drawing) em fionnad C3to 
eon, A pixel electrode 22 composed of a transparanl 
electrode film is connected to the drain region 140 
through an opening section formed in an intertevel Incw-. 
lating film 20 and the gate insulating film 16 thereundssr. 
and a source line 24 is connected to the source regStm 
14S. A topmost protective film 26 may be omitted. Tte) 
insulating undertayeir 12 is provided for the purpose cJ 
prevention contamination from the glass substrat® 10 
and of conditioning off the surface for fonning the po3y^ 
crystalline sHicon film 14, and may be omitted in soma 
cocca 

[OOTeg F^. 4 Cs a cross-sectional view of a reveres 
stagger-lype amorphous sificon TFT. An insulating U2> 
derlayer 32 is formed on a glass substrate 30. and tm 
amorphous silicon TFT is fornied thereon. The lnsfii:r> 
ing undertayer 32 is often omitted. In Ftg. 4, a layer (ktq 
plurality of layers of gate insulating films 36 are forms^ 
under a gate electroda 34 and a gate Kne connected 
thereto. On the gate electrode 34, an amorphous siCoon 
channel region 38C is formed, and q aouraa n^SossS^ 
and a drain region 38D are formed by difiiisir^ an t3v> 
purity into the amorphous siHcon. A pixel electrode 40 
is electrically connected to the drain region 38D throi^ 
a metal lead layer 42. and a source line 44 is electrical^ «3 
connected to the source region 38S. The metal Jead fcaj^ 
er 42 and the aourco line are simultaneously fbrmsd. 
[00801 A channel protective film 46 fonned on fico 



channel region 38C to protect the channel region 3^ 
during etching of the source region 38S and the drc±a 
region 38D, and may ba omitted in some caa^o. 
[00813 Rgs. 3 and 4 show baste TFT s^ctunsQ. cfft^ 
these structures may hav3 q very wide range of fmx^2^ 
cations. For exampta, tn order to increaslsihe apert&oo 
ratio In the coplanar-typ3 TFT bi IRg. S, a second &t2o 
leyel insulating film may ba provided between tha ptel 
electrode 22 and the source Icne 24 to decrease th3 
between the pixel electroda 22 and tha souroa l^sto ^ 
Further, in order to decrease the wiring reslst&noQ g7 
gate line not shown cn drawli^ and the soutcq ^tco 
24 which are connected to the gate electrodo 18 6i7U9 C9 
increase the wiring length, the gate fins artd the soantso 
line may be formed of multipl® layers. A light ahlekSsg 
layer may be fonned cn or %xnd!SJ tho TFT eHmtsJiL Csa 
the reverse stagger-typQ TFT Jn FJg. 4, th® wirijtg Ctktj 
and the insulating film may be tomed of multipSe teipcso 
for the purpose of Impjwom^ b% tto apartaoQ q 
decrease In the wiriR0«38S8tS3tG3€Vtd^4toGrasCQ£»<^ 

[00823 Most of these rnodlSlcatSons to th@ baste oC?T!£^ 
tures in Fig. 3 or 4 invo^ Gn trtcraaso fin ths mim3tC7€? 
thin layers deposftisd Ce> torn tto 
[OO8SI3 The following a a a m p te 8hot»o o caso bi 
various thin films £n tho th£n dESrai monoB^H^ sItnaSatsco 
shown in Figs. 3 and 4 tom®d by ooating fi9m3 v:^^^ 
re<3t£3rt9 rto vac(noin oyoCc^nni. 

(Method for Fomnlng Irtsulatcns Coating FcEtud^ 

[00843 ^cg. 1 sho^ Q coating film deposftiicni ond 
which forms a thin fiCnn, qjq, tssi !nsulating fBm, by sg^^E^: 
ing Bnd annealbtg o 8o5utoL TPt3 soSutte?) w9^^ 
comes the insulatirtg fBmn b^f @nnealir^ aft®r coating ©s:^ 
tains a polysilazane (g<sn37te noms polymers ho^;^ 
Si-N bonds). A typical poSyseJsasjrca t3 poJ^JsrhyiCnocfb- 
zane represented by (SIH^NC^ where^ n ^ an intqs;^?. 
The compound is commardsD^ avaBaS^ under ^ko 
commercial name ^bncsn PoSysQasana" whteh E3 rac:^ 
by Tonen Corporattesii. qCq^. groujiG* 03. msOqfl , 
groups or ethyl groups, om substituted Cor hydrogcsa O' 
oms in [SiH^Nt^ UShQ co^npoaoc^ t3 cat3cd ot^ps^s' 
polysilazane to distinguSc^ Q ttovi torgante po3yc23? 
zane. In this embod&vccjc^ Q b prstoabSa that {mui^csife 
polysiilazan3Q b3 (Lcx:^ 

[OO8S3 After a pcJysDsissra b c?dKcd o ccS^Jc:^ . 
such as xylene, tho soCuttesi £s appKod otkCo q m&stfc^ 
by spin coating. Tha oosrtfTig ^ b ooTivertsd Co ^G^t^ 
annealing bi .a stocsu^ 07 onygoTMontainbig oteso* 

p5lC30. 

[008@J| A film for oom^rison b q spS7><07i-glas8 (SO^) 
film which is converted to ©n £nsu8at^ fiCm by emmf^ 
after coating. The SOS ite b oomposcd c? a poS^^Svu:? 
having siloxane bont23 00 Q bs£^ structUTO. Th3 "SO^ 
polymers include orgsmte po9ym®7S havir^ altQfj} 
and inorganic poUymssQ rat hsiv^ aCcyl groupo, G3!C^c^ 
cohols and theUtoemdusGdoQGO^fon^TVtaS^ 
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Is used as an ihtertevel insulating film in an LSI for th3 
purpose of planarizatioru The organic SOG film is reaifl- 
ny etched during an oxygen plasma process, whereas 
the Inorganic SOG film readily forms cracks even IftI 
has a thickness of several hundred angstroms* henos 
these films are not used as a single layer of insulatiRg 
film, but are used as a planarizatlon layer on a CVD fcr^- 
sulatii^ ^!;u&, 

I0087JI In contrast, polysilazane has high crack resteit* 
ance and oxygen plasma resistance, and can be used 
as a single layer of insulating film having an appropria&a 
thickness. A case using polysilazane will now be do 
scribciS. 

[OOSq In the present invention, at least one layer aitd 
preferably a plurality of layers in the thin film monofithte 
structure are formed of coating films other than the SOG 
film which has sitoxane bonds as a basic structure. AfS^ 
ditlonal SOG films can be uised within the range satisSy^ 
tng the above condlt^osi. 

I0089B In F^. 1. a loader 101 separately takes out q 
plurality of substates stored In a cassette and moves 
the glass substrates onto a spin coater 102. In the spin 
coater 102. as shown In Rg. 12, a substrate 132 is fixed 
by vacuum on a stage 130, and then a polysiiazane so- 
lution 1 38 is dropped onto the substrate 1 32 through m 
nozzle 136 of a dispenser 134. A mixed soluttoi cJ 
polysHazane and xylene is stored in a container called 
a canister at a solution storage section 105 shown Cn 
Rgs. 1 and 12. The mbted solution of polysilazane on^ 
xyleneis supplied to the dispenser 134 from the solution 
storage section 105 through a feeding pipe 140 and to 
coated onto the substrate. Then, as shown in Rg. 13, 
the polysilazane solutten 138 is extended onto the entcjo 
surface of the glass substrate 132 by the rotattonof tttQ 
stage 130* Most off xylene is evaporated in this proceso. 
A control section 1 06 shown in Rg. 1 controls the speed 
and tinr>e of rotatlcT* o2 the stage 130 to increase tfto 
speed to 1.000 rpm tn several seconds, to malnts^n 
1.000 rpm for approsdmately 20 seconds, and to Sta^ 
the rotation after several seconds. In such a coating cc3t- 
dition, the polysilazane coating film has a thickness e3 
approximately 7,000 angstronis. Next, the glass s*£2>- 
strata is transferred to an annealing sectkm 103 andean 
nealed at a temperature off 100 to 350 **C for 10 to (SO 
minutes in a steam atmosphere to modify the polysiSs)- 
zane to SIOj. A temperature control section 107 control 
the anneafing step. The length of the annealing sectoo 
103 and the capacity to holding the substrates fn ©co 
anneaHng section 103 Is detemilned so as t!o msil!!^ 
tact time of the spin coater 102 with the annealing timo 
in order to enhance the performaru^ of the coatir>g-ty{^ 
Insulating film deposition unit <The tact time is the po 
riod from commencement off processing one substrsitD 
in the manufacturing device to the time that the nasA 
when processing off the next subs^iate can commence 
Since the polyssilazane solution contains, for exampSo. 
xylene, and since hydrogen and ammonia form during . 
the modification, aft least the spin coater 102 and 



annealing section 103 require a ventilating system 
The glass substrate provided with the insulatir^ (te 
formed during the annealing pfocess la stored b 
cassette by an unl6ad(sr 1(E^. / 

0 [0090]) The coatirtg-type insulating film deposition iDc!^ 
of the present inventksn shovni In ^tQ» 1 hsQ a stgrt^ 
cahtly simplified system configuratcon compared to co7^ 
ventional CVD systems, and thus the price off the im^ t3 
remaricably decreased. Furthsj. thQ urSi hao m h^Sccr 

10 throughput than the CVD systemo. decreased mafnCD* 
nance, and a high net trntdr^ raftx These advanls^CD 
enables drastic .cost reduction off Rquid crystal disp^ 
devteo. 

[009D]| The coating-type insulating film deposition ^qd 
IS shown in Fig. 1 can ffomn aQ the insulatir^ films sho^ 
in Tig. 3. that is. the insulatir^ underiaycr 52. the ^qCd . 
insulating layer 16. th3 interievei insulating f&m 20 
tfie protective film 26. When an additional InsulatiTcg . 
er is formed between th3 pSscJ electredo 22 and (srco 
^ source electrode 24. tho ^txnnst&xm otT tha coat&tg Q!m 
using the unit shown tn F^ D Is particulariiy ef^BdS^CsT . 
planarization of the surfeps off the additional insulsii^^ 
layer. The insulating tntds^teiycr 12 and th3 pro^to^^ 
film 26 may be OTnftted bi some CS3CC3. 
S3 [00923] Since the gate insulating fiSTn 16 is an !mptut=7i3 
Insulating film determ!7t!7tg electricsO charecSeriste} (&J 
the TFT. interf adal charaderistics bett»een the iHtm C3t^ 
the silicon fibn. as weQ as the fSm thteCcnstss and tto CwQ 
quality, must to contraC}^^ 
so [00933 lnordertoa<ih5et^suc^oonM.1tl3p7e^9nc^ . 
to clean the surface off the ^Iton fiCnni 14 before Cb7nt!7t3 
the gate insulating film 16 by coating and to use m ooc^ 
ing-type irisulating fiCm depositton un^ eto^ (F^ 2» 
The unit shown in F^. 2 is pravEded ^;i/ith a first artnes£!3!;g) 
ss section 1 03A havirig ths sama toicSfon as the annesf!:^ 
section of the unit sho^tntF^ 1 • (md Q aeoond airmc^ 
ing section 103BbiiltoaoffC3iimeoGds(r.i04. Afii^(^ 
annealing in the first annealb^ secSton 103A. ®to cca> 
ond annealing section 1038 preffiarabSy performs G:99cn>> 
<^ nealing process est o temperstKCTb o? 400 to SSt^ 

which is higher than ^xq csnnaad&tg lempefatLoo ^€?C3 . 
first annealing sectton 10^ <b7 30 60 m!naJ2t^ ©7 
anneaHrig process (Sit @ h^ temperatuTQ o olh^^o- 
riod, such as lanrtp sstnea&ig or tas^ omtosi^AS* 
<s [009<^ AsaresuSi^^fnavlialSg^iS^ 

insulating film 16 ars tothsrceased and have Enr^nv^^c^: 
film quality and interfoc^ c^macteristte oontpaiTC^ C9 
the annealing only cn the (SjmeaCng section ahot^tm R^. 
• 1. . - . 

30 [009S]] Regard^Tta ^ tnteri^z^dd) charoctefffs^^ o 
CVD film formed b) m vscmnn ©tmospheTQ can to ocd^ 
controlled conipared Co tto insulating coatir^ f^Tn. 
a high perfprmanc3 TFT b required. thereffOTQ. tto @2lD 
insulating film may fi^e tomedoffo CVD film and ttoo3cr 
63 insulating films bithslFTn^ to tToTvnedo^ Snsu!^^ 
coating films in acoonftmos vM% the preseTtt linwss^^^ss^ 
. [00933 lntheTFTstnccSiiaQt7)^p^.4.th3tn8ulats^ 
derlayer 32. the gate Snsu^Qtbtg CSras ®3 and th3 ch::^^ 
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protective film 46 can use the insulating coating film o7 
the present frivent2o?u 

(Method fox Forming SOicon Coating Film) 

[0097} Using a coating solution containing silicon par- 
ticles, which is stored In the solution storage section 109 
shown in Fig. 1 or 2, a silicon coating film can be formed 
using the sama unit shown in Fig. 1 or 2. 
[0098^ The size of the silicon particles contained in th3 
coating solution ranges, for example, from 0.01 to 10 
jmu The size of the silicon particles is determined by tto 
thickness of the silicon coating film. In the silicon parlfi- 
cles obtained by the present inventors, particles of ap- 
proximately 1 |im occupy 10 % , and those of 10 |i m or 
less occupy 05 % . The silicon particles having such Q 
size distribution are further puh^erized with a puh^erizor^ 
to obtain sificon particles having a desired size distrOnfl- 

[0099]) The sificon partidss having a ghren sisa fS^M-. 
buton are stored in the solution storage section 105 qq 
a suspension in a soh^ent such as aloohoL Tho su^tcss- 
sion composed of the silicon particles and alcohol is €&> 
charged onto a substrate transferred onto the spin oosift- 
er 106 from the loader 105. The stage 130 is rotated 
under the'same ooatir^g condition as in the Insulatiin^ 
coating film to extend the coating film of the silicon pcj- 
tides on the substrate, wherein most of alcohol is evaj^- 
orsCc^ 

lOIOOJI Next, the substrate is annealed in the anneis^ 
ing sectioh 103 or the first anneaHng section 103A under 
the same annealing condition as in the insulating oosii^ 
ing fibn. The silicon particles react with each other to 
form a crystallized sIHcon film on the substraJb. 
101013 In the case using the unit In Rg. 2, the s*^ 
strate is ^rther annealed In the second anneallrtg s®x>- 
tjon 103B at a higher temperature than that in the fcrc& 
annealing section 1 03A. It Is preferable that the annea8> 
ing be performed bi a short time by laser annealing er 
lamp annea&t3. 

[OIO23 Reanneaflng in the second annealbig sectoa 
103B improves crystalfinlty and compactness In the 
loon film and adhesio?) to other films, compared to ©to 
anhealirig only cn the first annealing section 10SA. 
101 033 Rgs. 5 and (8 are bloch diagrams of film depo- 
sition units for continuously forming a silicon coating fKiiH) 
and insulatir^ ooatf tea. 

I010<II| In the ffilnn deposition unit in F^. 5. a loadsr 
101, a first spin coateir 102A, a first annealing secten 
103A, a second annealing seclion 103B, a second spSn 
coater 1028. an annealing secfion 103 and an unloadcxr 
104 are in-line-connected. The first spin coater 102Afe 
connected with a firsft solution storage section 1(^ 
storing a suspension of silicon particles and alcohd ara9 
a first control section 106A. The second spin coatcsr 
1028 is conneicted wltl^ a second solution storage eso- 
tion 1058 storing q mbted solution of polysilazane wt^ 
xylene and a steond control secUon 1038. 



[OIO53 When using the unft in Tig. 5. the numbs^ e3 
loading and unloading steps each decreases onoe eatA 
the throughput is further improved 
[0106]| The film deposition unit in F^.6iis a modlte> 

s Hon of the film deposition unit En F^. 5 in which the co 
ond annealing section 103818 placed aflierthe anncc> 
ing section 103 for the Insulatino coating f^m. In t!hf3 
case, the silicon film provided with an Insulating cap tof^ 
er is crystallized in the second armeaOng section 10^ 

10 by laser annealing or the GSsq. Sinoa the Insulatirtg 

decreases reflectanoQ of the siCoon surfeo^, the Igcc7 
energy is effectKf ely absorbed in the silicon fOm. Fu7^hc7« 
the silicon film has a smooth surface after the laser c:7^> 
nealing. The anneafif^ section 103 and the seoond.cs^ 

ia nealing section 1 038 inF|g. 6 may be unified frito a es3Q>- 
mon annealing sectcon. Cn thSd caso, the common C3> 
nealing section can slmuBtaneously perfomi ^ng o? Gto 
insulating coatirtg film and anneafir^ Cor crystailizsi^Sjd 
the siSoon fi!jn thcssocnw 

(Ariother Method Fonnina S&3ocm Coatfna IFE^ 

[01073 F^ 7 shovtfg Q ooa8irt0-type sntoon iiCm <Sc;^ 
siUon unit in which a silioon fISm fa tomed by ooating Ca^ 

ss annealing of a coatir^ soSutSonl C^Aonosilane (S^Klj) C3C^ 
disilane (SI2H3) are used to fionn&C3 o sStan SSs^'ba Q 
CVD process, whereas h^hsr silanes ovxSi m dis&rsto 
and trisilane (SiaHo) qtq used tn the presertt bwoat^is:^^ 
Boiling points of silartso Qso -111111 .© °C fer mcTtosScTO, 

so -14.5 **C for disnar^e.^^'^C (tor trteitans. and ICai)^ 
for tetrasilane (S^^H^ irespectfv^ Monosllano 
disilane iare therefore gaseous at roam teniperature cn^ 
pressure, whereas higgler eOsTtes auoh a@ trislBand cso 
liquid. Since disilarte Cquf^crd Qt ntimfio sevend (txo 

sa <»C, it can be used m q ooatfTig ^tUm. Kereinafto; q lerco 
using trisilane vtfD be pr&nar£^ desc^t^^c^ 
[01 0@3 in F^ 7, after glaso oubetratoQ ere sepanX:::^ 
taken out by a loadtsr 201 ^rom q cassette artd tscso 
. fened into a load locCc chamber 2QS, the 6o8dtocCcc&tc:n^ 

<o ber 202 is evacuated Q^Qveniilatlngsystean 7111. Ai;;^ 
evacuating at a given pressuTO. tho gBaoQ substnoCDtD 
transferred onto a spin ooatsr 203 vy^^cSh S3 eil&o o^^cs^ 
ated at a similar press&cTQ. snd trlsils:n3 fn^i trisiksno gCS7» . 
age section 207 ^ ap;p2!^ onCo ^ gls^ aubsf^ctD 

<JS through a dispenser. Tto qpin ©oato 203 rcSat^ c2 a 
rate of 1 00 to 2,000 rpm Cor severs^ seconds Co 20 cc^ ' 
ends to spir>-coat trfsQ^z^Tixx TtcQ gite) substrsiCQ c£cT . 
spin-coating trisilane is bnmediateSy transilbrred Go oCx^ 
anneaOng section 20c hai^ o 6&nf3cr reduosd ^1^^ 

eo 8ureasal>ove, artdanneaSed(iift^K>Co490^C^cc^ 
eral tens of minuted to d^nn q aSZoon a th5cSatC33 

of several hundred ar^stromo. Thsn, tho gteiQO C322>- 
strate is trartsferred Co o seoontS annesKTtg secStot 
havir^ a similar reduosd psrssoiOQ m abo^, (S3tS 

ss nealed at a high temperatuTQ to* o shOTt time by te^^ 
lamp annealing. The sitaxn W^ tQ thereO^ crystaEI^c^ 
After this, this glass on^tsSr^ So trensilemsd Co Q Csc^ 
locfc chamber 208, artd b tmsva^strs^ Co en unSoadcr SS^P 
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to a cassette after the load lock chamber 206 is released 
to atmospherfc pressure with gaseous nitrogen. 
101 09J Preferably, two ventilating systems 211 era 
provided, that Is, one connected to the two load IccCi 
chambers 202 and 206 and the other connected to thG 
spin coater 203 and the first aind second annealing s®^ 
tions 204 and 205. The spin coater 203. the first anne&i9- 
ing section 204 and the second annealing section 205 
are always evacuated by the ventilating system 211 to 
maintain a reduced pressure (near 1.0 to 0^ atmos- 
pheres) of an inert atmosphere, in order to prevent lead- 
age of gaseous toxic silanes. The threshold limit valuxD 
(TLV) of monosilane Is 5 ppm, and it is considered 
higher silanes such as disilane have similar TLVs. S5- 
lanes spontaneously bum at room temperature In a£r 
and explosive^ bum at high temperatures. Thus, <3l 
least the ventilating system 211 connected to the sf^ 
coater 203 and the first and second annealing sectlo?^ 
204 and 205 is connected to an exhaust gas disposdl 
unit 212 which makes silanes nontoxic The processing 
chambers 201 to 207 In Rg. 7 are coupled with eee(^ 
other with gate valves which open and dose when tho 
glass substrate Is transferred so that gaseous sllancso 
do not flow into the two load lock chambecQ. 
I0110J The main section of the spin coater 203 is oO- 
most the same as Jn Rg. 12, and In Rg. 7. preferaW^f 
the temperature at the stage, on which the glass su> 
strate is fbced by vacuum, is controlled by a temperatuTQ 
controlling section 210. The temperature is controlled Co 
room temperature and preferably approximately 0 °C 
when using trisilane, or at -40 «C or less and preferab(^ 
-60 or less when using disilane. It is preferable thcit 
the storage section 208 for disflane or trisilane and o 
feed line (not shown !n the drawing) be controlled to o . 
temperature similar to the stage teniperature by the teTB^- 
peratuTQ oontro) section 210. 

[011D1I Disilane or trisilane must be appHed as a Hquf^ 
at a temperature lower than its boHing point Since tefc>- 
ilane has a vapor pressure of approximately 0.4 atr?^ 
at room temperature and pressure and disilane ha@ o 
vapor pressure of approximately 0.3 atms. at -40 bkA 
ordinary pressure, K Is preferable that the temperatusQ 
off the silane and substrate be decreased as much oo 
possible In order to reduce the vapor pressure as nnaSt 
aspossEto. 

101123 The spin coater 203 and the first and seccTcd 
annealing sections 204 and 205 may be pressanfe-al 
with an inert gas Im OT^tfisr to fuJthsr reduos fito vc^:^ 
pressure of disilane or trisilane and improve the uniftoro- 
•ty of the coating film. Since the boSBr^ temperstoD is3 
disHaneorthe Dke increases in the pressurized state imd 
the vapor pressure decreases at a given temperatuTQ, 
the spin coater 203 can be set at a temperature higher 
than the above-mentioned temperatire and near tto 
room temperature. In this case, it is preferable that each 
chamber has a double layer structure in view of leakago 
of trisilane or the Kti®, in which an outer structure is p?©- 
vided out of the pressurized stmcture and leaked sllano 



or the like in the outer structure is evacuated throus^a 
another ventilating system. The exhaust jgas is disposed 
in the exhaust gas disposal ur^ 
[OII33 Also, silane gas remaining in thc^spin oosit=7 

3 203 and the first and second annealing se^on 204 os^ 
205 is evacuated by tha ventilatirig systerA 
£0i 14] In Fig. 8. the sOioon film deposition unit sto^ 
in Rg. 7 and the insulating film depositfon unit stot^sn tin 
Fig. 1 are irHine-conrtectcsd to eadfi oth^. tn oS!hx7 

10 words, the spin coating section 102 and the annea&i3 
section 1 03 shown in F^. 1 ars Introduced bettA/eejQ (2)p 
second annealing sectcon 205 and the load locCc cffi^^ 
ber2(«lnF59.7. 

(011SS In Fig. 8, the steps to crystallizir?g the sEitam 
IB film in the second anneathrtg section 205 by laser C3&> 

nealing are the same as the steps Cn the unit 8ho%»70tni 

Fig. 7. The crystallized sDtoon ffibn Ss transfiarred onto (to 

spin coater 102 to ap^ m polysHazanQ or inorgQ3t!3 

SOG filrru The coating fSm Sq rrtodifcsd tnto on iTtsuSaC^ 
SO film in the annealtT^ sector 
. [011(3]| The spin coats? 203 and fiho first and @®cs:a^ 

annealing sections 2C<^ artd 20iS mo und<2xr reduced 
. pressure of an inert qsq atmospStsso 00 Rg. 7. inXo 

spin coater 1 02 fbr the tnsuiatET^ (Km and the annesi&cg 
29 section 103 are undsr on&eDTjf prossujo £n H* 

whereas those in F^ 8 fsxQ untf^r recfluced pre88U30€? 

an inert gas atmosp^tSTO. The^ chan^bero mo G^fC32> 

ated by the ventDatir^ systQinn) 

101173 The silicon filmlSoTmsd by the unEiste«OTfca(^ 
£9 8 is notexposedtpopsss (i:Sr,8ito3the erisulatir^(tet3. 
formed on the silicon fibn tn tto Ismi atmosphsso. *in^ 
interface between the siGoon filni artd the insulating CiQ - 
is therefore controlled to detervn&ne characteristics c2C!Ko 
TFT element, resultir^ fin bnprow B ment {n tto chars^^ 
S9 isb'csoftheTFTelem87iia@nduniilion^ 
actarfsG^ . . 

[0118S lnng.8thein3u3atir^^7inontho'8l]tan)Cj^ 
formed after crystallization o? the siBoon 9Rm„ ho^fXT^xxr^, 
the insulating film may be Conned afier the ftrst annes:!!^^ 
<o step of the silicon film artd tha siltoon i?ibn may to <si^ 
tallized after anneaIirtgo7th3f7tsu3at£/^tSbsiL Alto . 
case, the silicon film pnyvSded tRf^ thsi insulali^ 
er is crystallized by tescr QrtnsaS&tg go tn IRg. (3. .®7CSD 
. the insulating film decreases tto reflectanos o? tho cf3-. 
con surface, laser enev^ {3 e(?!^c3lve!ly abso7fi>cd &a OiO 
silicon film. The siltoon hco q smooth suTfeoD gIIl::? 
the laser annecf^ 

' (Method for Diffusing tn^v3&y bi^^lSSsmCosa^ 

[O110]| Atthpughanbn^incTe^mgybedKiT^^ 
icon film usii^ a conventSo?^ ton cmpSahtiT^ o^f^Ucmi tl 
is preferable that en insuSat&i^ Eay^ contain!?!^ era tM> 
purity be applied onto the sil!am (taysr and then ^ tj^ 
purity be dif?u3Gd cTito tho under4y&tg siOioon Cu^aL 
10120]] The insulatb^ Csiyor contain!?^ tho c3?i3»Gu^ 
may be formed by fihd unS2 i^to^ t7i ^{g. jS. On.th^ 
bodinrierit, an SC6 f&n oonta£n3ng phosphonis 
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boron glass is applied as a coating film contafniTtgi am 
impurity. When fonning an N-type high-impurity regkm, 
the SOG film as a coating film containing an impurity lis 
fornied using a solution composed of a siloxane polymsr 
and an ethanol or ethyl acetate solvent (Si content sov- S 
eral wt%), and containing several hundred pg of ^2^8 
per 100 ml of solution. In this case, the coating soluticji 
is stored in the solution storage section 1 05 in Fig. 2 arwS 
applied onto the substrate by the spin coater 102. ThQ 
substrate on the spin coater 102 is rotated at several 
thousand rpm to obtain an SCX3 film with a thickness c3 
several thousand angstronns. The coating film conta£7>> 
ing the impurity is annealed at 300 to 500 *C in the first 
annealing section 1 p3A to form a phosphorus glass fibn 
containing several mol percent of P2O5. The TFT sub- 
strate provided with the phosphorus glass film is @?> 
nealed in the second annealing section 103 at a h^ 
temperature for a short time by laser annealing, sucSi 
that the Impurity in the SOG film Is diffused into the uaD- 
deriylng silicon film af)d a fitgh impurity region is fonnned 
in the silicon film. Tha TFT subsUate is stored into a cao 
setta tho unlcadorlCO. 

I01211J In the formation of the source and drain ito . 
gions, both the coating step and the anneaDrrg stc^ dl 
a high temperature for a short time can be oompletsd 
within one minute, resulting in high productivity. Al- 
though the annealing step requires several tens of nti^ 
utes, the tact time can be reduced by optimizing tho 
length and structure of the annealing ovc:?). 
[01223 Hgs. 10 and 11 are crosa-sectibnal view« o)7 
TFTs provided with the coating film containing the impuh 
rity. Rg. 10 shows a ooplanar-type TFT correspondlrts 
to that in Rg. 3, in which an insulating underiayer 12 fa 
formed on a glass substrate 14, and a silicon layer 14. 
is pattem-formed thereon. A gate Insulating film 16 &3 
removed by etching using a gate electrode 10 m o 
mask, a silicon \ay<ST temporal^ exposed r^sra 
which will be a source and a drain. The coating film 90 
containing the impurity Is fbmied so as to oomeM>$S3&* 
tact with the source and drain regions 14S and 14D^ 
the iBilicon film. Phosphorus contained in the coating 9Sm 
50 is diffused into the silicon film by the high-tempetrd- 
ture, short-time annealing step and N-type source mt^ 
drain regions 14S and 14D having sheet resistances ci? 
1 KQ/sheet are ftwms^ 

I012SJ) As shown in the cross-sectional vievv of dOto 
TFT shown Rg. 3, the following steps Include fbrnrc55g 
an intertevel insulatirtg film, providing a contact hoSo, 
forming a pbcel electrode and forming source wirfftg. Cto 
the formation of the Interievet insulating film, the intta*- 
level Insulating film may be formed of a coating film 
the coating film 50 containing the impurity is rcmovsd, 
or the interievei insulating film may be fonmed on Cto 
coating film 50 containing the impurity. Since the method 
for forming the interievei insulating film on the coating 
film 50 containirig tho Impurity forni two insulating ^ 
ers, the occurrence of short*circuits between the sou703 
line and the gate Bno i?) the fiquid crystal display devted 



Is decreased. . . 

[01 243 Rg. 11 shows a reverse stagger-type TFT osjw 
responding to that in F^. 4. in which an insulating na^ 
dertayer 32 is formed on a glass substrate 30, sTcd Q 
gate elecUode 35 is fonmed thereon. A sutcon layer S3 
is pattern-formed through a gate insulatir^ .fKm. ^ ti^ 
sulating film 52 functions as a protective film in the dhC3> 
nel region and also as a masCc to Impurity difliision, c?cd 
is formed of an insulatir^ ooatir^ 
[012S3 An insulating film 54 oonta!n&^ an UnpwfS^ to 
formed as an insulatir^ coating fiSm tn contact Qto 
insulating film 52 as the mastc and regioris of the siCcsso 
film 33 which will be a aouroa region 33S and q drcfTd 
region 33D. When the toulatfng film 54 containlng.(^ 
impurity Is annealed at a h^h terhperature for a atastt 
time, phosphorus oontairted fn the insulating fitm b O 
fused into the silicon film 33 and N-type source and ctefja 
regioris 33S and 330 havi?^ sheet resistanooG e3 C3> 
pnndniats^ 1 KQ/^heet fomc^ 
[012^ As shovvn ^ orose-seoto^ vSs^ c3 CkD 
TFT shown Rg. 4. after tho tnsulafing tarn 54 oonta^^ 
the impurity is removed, a ptoel electrotte, souroa xi^a^s^ 
a drain electrode artd oonnecSiing aeclions are fonndfltAi 
thot«nter. 

[OI279 In accordanoQ thQ pgesegtt cnve nigga, Go- 
source arnJ drain regteno tjn ths ooplanar-fiypa WTT CTftD 
formed by formir^ Q ooat&ig fasOT tsnd ths 8uoo»s«Ca3 . 
high-temperature, shcrH-SijTO ®nneaC5ng instead ®? o 
conventional ion imptaritfjtg or Qn ion (toping, henoo Q 
TFT can be made usir^ (sau Inenpenslve u nK ha ving o 
high throughput In the reverse 8tagger-4ype TFTsho^ 
in Rg. 4, the source and dr^ regions are formed by Cto 
high-temperature, shoMmo anneaRr^ step Cnstsc^ 
the CVD process, hert03 m 15qu£d c?ystsJ disp&ay do^^C^ 
can be made using &:n £nesfpen^vQ U3t3t havcTtg o iru^jji 
thnMghput as tn the oos)9aifinM^^ 1^ 

(Method for FonnSng Conducthfa Coatbtg FC^ 

[012S]| A method forfomengo conductive coattT^CA^ 
by applying a solution oontsfrtSng conductivQ par(S^C3 , 
win now t>e described. Ths oonduct^fQ ooalEng iiCjOD t3C3» ; 
so made using the una dte^ja tJB tRg. H ©rl^g-IFDco 
liquid stored in the so!uSon stoTsgs secSlon 1C3t) 
1 orTig. 2 is a suspenota c7 «mdiitc8Svo tto ps?S^!c3 
made of metal or the BCo ba» Co7 esampjQ, on 03g®7t!scs3* 
vent For examp&e, a dls^t^sroSsn o7 silver partteSco ■ 
a size of 80 to 1 00 arigsfimnQfn G3I o?g@n5cso^ffS9^^ 
as terpineol or toluene, fs dSc^havged OTtSo the su3)g^^ 
tiirough ttie spin coater ICS. Tho substrats 63 rotaC^:^ d 
1.000 rpmtospin^oatlltoooatSTtgsoMSononlito 
strate. The substrate^ annealed Qa 250 to 300 ^tt) Go ; 
annealing sectcon tn F^. D cr tha {%rst anneaEsng setC^s:^) 
in Fig, 2 to form a ccnducSfii^ q thicCaiGSXXS? 

severail thousand ar^stromD. Extamp^:^ c7 oondtc^^ 
materials include Aaa, AO, CO, €0,0- ©rtd 0TO, artd Q <ss:7S- 
ductive film can be fonned oiTpafftteSes of theso ma&s;f=C3 
usirig the coTMfl vctivQ ooatETtg C^Tn d(^M^So^ 
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[01 29] Since the resulting conductive film Is an aggio- 
gate of fine particles and is very active, the spin coatsr 
102, the annealing section or the first annealing section 
103A must be {n an inert gas atmosphero. 
[0130J The resistance of the conductive coating fibn 
will be greater by one order of magriitude than the baOSs 
resistance. In this case, the conductive coatirtg film mn^ 
be further annealed at 300 to 500 • C in the second fiS3t>- 
neafing section 103B shown In Ffe. 2 to decreasQ Gto 
resistance of the conductive film. At the same time, tho 
contact resistance of the source region of the TFT wISffi 
the source line formed of the conductive coating fam, 
and the contact resistance of the dram region with thQ 
pixel electrode formed of the conductive coating film cm 
be decreased. Introduction of a high-temperature, short- 
time annealing step by lamp or laser annealing will fliix> 
ther decrease the resistance of the conductive coating 
film and the contact resistances. Further, a plurality cJ 
layers comprising different metaHs may to ftjnnstS tsj^ 
der to improve reliabili^ Since Ag is relatively easily w- 
Idized in air, tiie formation of ah Al or Cu layer, which ea 
barely oxidbed in ab; on the Ag layer is preferab!^. 

(Method for Fonmir^ Transparent Electrodcii} 

[013113 A method for a transparent electrode using am 
ITO coating film win now be descnt>ex9. Th© BTO cc»&a 
film may also be formed using the unit shown in F^. 2. 
The coating solution used In this embodiment oontate 
8% of a mixture of an organic indium and an organteCa 
in a ratio of 97:3 in xyiena (to exampSo. mada by Ass:!^ 
Dehka Kogyo tOC. trade name: ADEKA ITO coating 
film/ITO-130L). The ratio of thaorgan5cindhnn1io1to(S3^ 
ganic tin In the coating solution may be in a range frma. 
99rl to 90: 10. The coating solution is stored in the 
lution storage section 105 In Teg. S. 
[0132]) The coating solution is discharged onto ^ 
substrate by the spin coater 102 and spfn-coated by tto 
rotation of the substrscs. 

[01333 . The annealing conditions of the coating fibn 
were as follows. Rrst. the substrate was annealed in 
air or oxygen atmosphere at 250 C to 450 « C for SO 
minutes to 60 minutes hi the first annealing sectcc^n 
shown In Fig. 2. Nest. It was annealed In a hydrogsro- 
containing atmosphere at 200 to 400 for 30<3ifs>- 
utes to 60 minutes In ti^ second annealirtg sect£tx:ra 
1 03B. As a result, organic components are removed eircd 
a mixed fHm (ITO film) composed of indium oxide 
tin oxide is formed. After the above-mentioned ann3G&- 
ing steps, the ITO film with a thickness of approximateOy 
500 angstroms to 2,000 angstrorris has a sheet reS&Q- 
ance of 10^ n per sheet to 10^ H per sheet and a 1^ 
transmittance of 90% or more, and exhibits satisfactory 
characteristics as th® pixel electrode. Although tto 
sheet resistarice of the ITO film after the first annealing 
step is of the order of 1 0^ n per sheet to 10^ n per shes^ 
the isheet resistance after the second annealing 8tep4&> 
creases to the ordotr oflO? a per sheet to 10^ spr 



shsdL 

[0134] Regarding the formation of the ITO coatiTcg 
film, the ITO film and the insulating coating film can feo 
formed by an in-line prooass using the unit shown l?v^^ 
& 5 or Fig. 6. The active ITO film surface car/ therefor® ^ 
immediately prc^tected with the insuiatir^ tesa. 

<Method for Formlr^ Conducth^ Lsi^ 

to [013SJ This method Inchides tho temationo^Qffnc^ 
plating layer on thQ iTfO coating 
[0136J Rg. 9 is a flow chart of ^ plating on tho WO 
coatinj9 filhfi. In Step 1 F^ 9, the ITO film is fomt^ 
by the at}ove*mentioned method. In Step 2, the surfe^sD 

19 of the ITO coating film is slightiy etched to activate ^ 
surface. In Step 3, as pretreatment for 1^ piatiiig inS(^ 
4, a Pd/Sn comples is adhered onto the surftBoe o7Gto 
ITO coating film and then M b precipitated on ths 

20 [0135^ lntile^flplatinac^S«sp4,^Pdpredfrfte«cd€:a 
tiie ITO coating film is replaced ^!!i to fonn a 

Ing layer by, for exanip9Q. an etectroSess platir^ pTooco^. 
The Ni plating layer wlO teoonrte msnQ dense by a?tncx:2» 
ing in Step 4. FinaKly, tn Step 3^ Q Robfie meteS pla^s^ 
29 layer, for example, an Au pSstin^ layer, as an antio»b&riU 
layer is formed on the NI pJating teysTto fenm a mtt^ 
tivo5as;c7. 

10138]] Conductive laye^o other than tha transpasc^va 
electrode can be fbnried {^om the ITO ooetbia <bcr^ 
£9 by forming plating Cs^^CjO. 

(Coating Method other than Sp&i Coa€^ 

10139]] Figs. 14 to 13 ste^ Q coating wflK wSt^ c^ 
plies a solution form&ia o ©en iEm <ar q rested 8c5k2s3 
used as a masCc hi photoresist etcff^Ttg. Cn thSs emSrsl^ 
ment, a resist is exemptiffled qq the soCut^ to bo &2qC3:^ 
The coating unit can be also appiSed to the for?nat!s79 (&1 
various coating films other than the resist coating, tn 

<0 14. a substrate 302 Is (S»ed ^ vacuum cn a sta^o ^M* 
The resist is supptied to a dispenser head 304 thTO^ss^ro . 
a feeding pipe 303 ffno3ini Q aoSutSsn otoage aecfito 
The resist Is applied onto QtQ substrato 302 oo irvuMO 
ous dots 303 from a pSu7s:3t^o7rtaz2£33 305 p70vidc^®33 

cs thedispens(^h3c::^£^. 

[0140]| Fig. 15 Is a detaQcd mtss-GecS^KnaO vSe^ <a3Xj:o 
nozzle 305. The nozzCs etpwcitostsa ^ IS b &M^a> 
ttiat of an ink jet printer, anti) ttho rescst U dischars^ % 
vibration of a piezoe£sG3?£e eC^nssa Tito res23t ro^^ 
a cavity section 313 thTmxs^Grn enSs^eecSM 
supply port 312. A vibrato! p3a2o 313 nwwaofn oos^cs^ 
ation viritii vibration <a? Q p5®2C3fieca?fc elems3i3 S'iW fa 
close contact with the vibrstton pSsritQ 315 and the voto:o 
In the cavity 313 decresssocr Crtcrassoo. When tffto 

^ ume in the cavity 313 decreasGO, th3 resist is dischargp^ 
from the nozzle 31(3, and \x^Ksn tito vo9u7nQ ln th© a^i^ 
313 Increases the resbt b suppSSsaS to tto css^ SDS 
from the supply pt»t 312. vHta^sss^ £n Hg. 1^ Cs7a>' 
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ample, a plurality of nozzles 316 are two-dimensionany 
arranged. the resist ts applied onto the entire substrate 
as dots by relative movement of the substrate 302 or the 
dispenser 304, as shown in Rg. 14. 
10141] In Rg. 16, the array pitches of the nozzles 316 
are several hundred ^im for the transverse pitch PI arKl 
several mrn for the longitudinal pitch P2. The nozzle 316 
has a bore of several tens of jim to several hundred iim. 
The volume of the resist discharged in a cycle ranges 
from several tens of ng (10-^g) to several hundreds ng 
(10*®g)t the diameter of the discharged droplet ranges 
from several tens of ^ to several hundred \im. The ap- 
plied resist dot has a drcular shape of several hurxifad 
urn immediately after it Is discharged from the nozzle 
305. When applying the resist onto the entire substrate, 
the pitch of the dots 303 is set to several hundred itm 
and the substrate is rotated at several hundred to sev-' 
eral thousand rpm for several seconds to form a coating 
film having a uniforni thid^ness. The thidcness of tlie 
coating film can be controlled by the bore of the nozde 
31 6 and pitch of the dots 303. as well as the rotation rate 
and time of the substrate. 

[0142] The resist coating process is an ink jet-type iq- 
utd coating process and the resist is applied onto the 
entire substrate as dots. Since the substrate is moved 
or rotated so as to apply the resist to.nonresist portions 
between dots 303, the resist is effecUvely used. This 
process is also applicable to the formation of the insi»- 
lating film, silicon film and conductive film instead of the 
coating process, and thus greatly contributes to cost re- 
ductions of liquid crystal display devices. 
[0143] Since the bore of the nozzle 316 can be further 
decreased in the ink jet-type liquid coating, the solution 
can be applied to form a linear pattern with a width of 
10 to 20 ^m. Use of this process in the fomnation of the 
silicon film or a conductive film permits direct patterning 
vifhich requires no photofithographic process. When ttie 
design rule of the TFT is several tens of |im, a combi- 
nation of the direct patterning with a coating-type thbi 
film deposition process permits producing liquid crystal 
display devices without a CVD system, a sputtering sys- 
tem, an ion implanting system, an ion doping system, 
an exposure system and an etching system. In other 
words, liqukJ crystal display devices can t>e produced 
by an ink jet-type Piquid coatirtg unit in accordance with 
the present invention and an annealing unit such as a 
laser or lamp annealing unit 

[0144] in the first eml>odiment. although a TFT acti^ 
matrix substrate is exemplified as a thin film device, the 
technologies in the first embodiment is also applicable 
to other active matrix substrates, two-terminal and 
three-terminal elements as pixel switching elements 
composed of MIM (metaMnsulator-metaQ or MIS (met- 
aMnsulator-sificon). For example, the th'm film monofith- 
ic structure of an MIM actWe matrix sut)strate includes 
no semicoriductor layer, and consists of a conductive 
layer and an insulating layer, and the present invention 
are also applicable to such a case. Furtiier. the present 



invention is appficable to various display devfces other 
than active matrix substrates, for example, an eledio* 
luminescence device. In addition, the present invention 
is applicable to thin film devices having various tWn fikn 
9 monolithic structures comprising a conductive layer, en 
insulating layer and a semiconductor layer, such ee 
semiconductor devices indudtng TFTs arxJ OMDs (dl^ 
ital mirror devices). 

[0145] Second to Seventh Embodiments wili now be 
f 0 descn*bed in which the present invention is epplied Is 
active matrix substrates for Hqirid crystal display devloee 
and, in particular, pbcel electrodes are formed by con- 
ductive coating Oms. 

ts Second Embodiment 

[0146] Rg. 18 is an enlarged partial plan view of pbesi 
regions formed on an active matrix sul>8trate for a liquid 
crystal display devioew end Fig. 10 is a cross ooclionsl 
20 view taken etong section IT of Bg. 1A. 

[0147] In-Figs. 18 end 19. the active matrix substiale 
400 for the liquid crystal display device is divided Into • 
plurality of pixel regions 402 lyy data 8nes Sn, Sm>1 — 
and scanning lines<3fn,^m*'1 _ on an toulating eulH 

29 strata 410, and each of the pixel regions 402 Is provided 
with a TFT 404. The TFT 404 is provided with e channel 
region 417 fonntng a channel between a. source retftan 
414 and a dralh region 416, a gate electrode 41S ejp- 
posing to the channel risgion 417 with e gate lnsulaiqg 

30 film 413 fonmed ttierebetween, en ihtefleviei Insulating 
film 421 formed on the top face of the gate electro^ 
415,asourceelectrode431 electrically cormiicted to tlie 
source region 414 through a contact hQle A formed 
in the interievet insulating film 421 , end a pbcel eiectrode 

35 441 composed of an rro«m which Is electricaly con- 
nected to the drain electrode 416 through a contact hole 
421B fbmned in the interleyel insulating fibn 421. Itie 
source electrode 431 is e pert of the data tinea 6n. 
Sn4>1 and ttie gate eleOMe 416 is a part of the 

^ scarming lines <3m, Gm^ 1 _ 

[0148] The pixel electode 441, esweflesti^souroe 
electrode (data line) 431, is fomned on the interievel In- 
sulating film 421. The pixel ele ctr ode 441 ia ttterefM 
fonned such tiiattiie peripherie8441 A and 441B paratiel 

49 to ttie data fines Sn and Sn4>1 fie at p o sl tion a c o nsi der" 
ably inside ttie data fines Sn end Sn^l to pievent fbm' 
occurrence of shorVctrcuits l)etween these ekictrodes. 
[0149] Figs. 20(A) to 20P) end Figs. 21(A) to 21|C) 
are cross-sectional views Blustreting manufecturtng 

60 steps of the active matrix sul>8trate in this erhbod iin e nt 
[01 50] In the production of such eri edive matrix eiil>- 
strate 400, first s general-pufpose nonaikafine glasels 
prepared as ttie tnsutiating substrate 410, as showm in 
Fig. 20(A). After ttie frisulating substrate 410 is cleaned, 

99 a protective undertayer 411 composed of a Silicon osdde 
film is fonned on tfie insulating substrate 410 tiy a cham* 
ical vapor depositiontCVD) process or e physical vapor 
deposition (PVO) pfDcess.iEx amp l es of CVD proce ssee 



14 



27 



EP 1445 793 A2 



2B 



Include a low pressure CVD (LPCVD) process and a 
plasma enhanced CVD (PECVD) process. A typical 
PVD process Is a sputtering process. The protective un- 
deriayer 11 may be omitted In view of impurities con- 
tained in the Insulating substrate 410 arxl deanCness 
on the substrate surfeoe. 

[0151] Next, an Intrinsic semiconductor film 406, such 
as a sHicon film, which should be an active layer of the 
TFT 404, is formed. The semiconductor layer can be al- 
so formed by a CVD or PVD process. The resulting sem- 
iconductor film 406 can be used as an amorphous sIH- 
con semiconductor layer, such as a channel region of 
the TFT. Alternatively, as shown in Rg. 20(B), the seno- 
iconductor film 406 rnay be irradiated with optical energy 
such as laser light or ielectromagnetic energy to promote 
crystallization. 

[0152] After a resist mask having a given pattern ft 
formed, the semiconductor film 406 is patterned using 
the resist mask to form insular semiconductor films 412, 
as shown In Rg. 20(C). After forming this semiconductor 
films 412, a gate insulating film 413 is formed by a PVD 
or CVD process. 

[01 531 A thin film as a gate electrode composed of an 
aluminum film or the like Is formed by a sputtering 
ess. in general, the gate electrode and gate lead ara 
formed of a common metal material by the same proc- 
ess. After depositing the gate electrode thin film, as 
shown In Rg. 20(D), gate electrodes 415 are fpmried by 
patterning. Scanning lines are also formed in this step. 
Impurity Ions are Introduced into each semiconductor 
film to form a source region 414 and a drain region 416. 
A section not doped with Impurity ions functions as a 
channel region 417. Since the gate electrode 415 func- 
tions as a mask of ton Implanting In this method, the TFT. . 
has a self-angnmerit structure in which the channel fe> 
glon 417 Is fbnmed only under the gate electrode 415; 
however, the TFT may be an offset gate structure or an 
LDD structure. Impurity Ions may be introduced by an 
ion doping process which implants hydride of the impu- 
rity element and hydrogen using a mass^nonseparatkin- 
type ion Implanting system, or by an ton implanting sya- 
tern which Implants only predetermined impurity tons us- 
ing a mass-separatiorK^pe ton implanting system. Ex- 
amples of material gases used in the ton doping process 
include hydrides of implanted impurities, such as phoa- 
phine (PH^ and diborane (BjHe) which are dOutedln 
hydrogen to a concentration of approximately 0.1%. 
(01541 Next, as shown in Ftg. 21(A) an interievel in- 
sulating fnm 421 composed of a sHioon oxide film is 
formed by a CVD or FVD process. After ton implantatton 
and fomiing the interievel insulating film 421, the Intar- 
level insulating film 421 is annealed at a temperature 
350 «C or less for several tens of minutes to several 
hours in a given thermal environment to activate the iriF 
planted Ions and to bake the interievel insulatirtg film 
421. 

[01551 Next, as shown in Rg. 21(B), contact holes 
421A and 421B are formed at positions of the Intertevai 



insulating film 421 corresponding to the source region 
414 and the drain region 416. An aluminum film or the 
like is fornrted by a sputtering process, and patterned to 
form a source electrode 431. A data line isialso formed 
9 in this step. ' ' 

[01 56] Next, as shown in Rg. 21 (C), anl ITO film 408 
is formed on the entire interievel insulating fibn 421 by 
a coating piooasa. 

[0157] Various liqukl or pasta coating materials can 
to t>e used in the coating process. Among these ooatirtg 
materials, liquid materials are applical>te to a dipping or 
spin coating process, paste materials are applicataie to 
a screen printing process. The coatirtg material used in 
the Second EmkxHtiment contains 8% of a mixture of pn 

19 organic indium and an organic tin In a ratto of 97:3 In 
xylene (for example, made by Asahi Denka Kdgyo KJC. 
trade name: ADEKA ITO coating film/rrO-130L)^ as In 
the First Embodiment, and Is spir>-coated on the top faoa 
of the insulating substrate 410 (on the Interlevei fnsutal- 

20 ing film 421). The ratio of the organic Mium to Iho or- 
ganic tin in the coating material may be in a range tam. . 
99n to 90:10. 

[01 5q In the Second EmbodimenI, the film ooatad on 
the insulating sul)strata 410 Is annealed (baked) oAsr 

29 rennoving the solvent and drying tt. After the film Is aiH 
nealed in an ak or oxygen atmosphere at 2S0 *C to 480 
**C for 30 minutes to 60 minutas. It is reannealed In a 
hydrogen atmosphere at 200 *C to 400 *Clbr 30 mii^ 
utes to 60 minutes. As a result, org an i c components ai« 

30 removed and a mixed film (ITO film) of indium oxide and 
tin oxide is formed. After the eboveHmentioried e nn sal 
ing steps, the ITO film with a thickness of approximately 
500 angstroms to 2J0OO ang s tro ms has a sheet resSsI- 
ance of 102 n per sheet to 10* O per she^ and a Vght 

99 trar^mittance of 90% or mora, end exhibits satisfactofy 
characteristics as the pixel electrode 441. Although die 
sheet resistance of the ITO f&nt after the first annecdtog 
step is of the order of 1 0^ O per sheet to 1 0^ Q per shaal, 
the sheet resistance after the second annealing st op da 

40 creases to the order of 10? Q per sheet to 10* A par . 

[Olsq . After formbig the ITO fibn 408 in such a mai^ 
rw, the pixel electrode 441 is Ibnnad by pattemkig, aa 
shown in Rg. 19, and thus a TFT 404 Is fanned in iia 

45 pixel region 402. When the TFT 404 te driven by oonM 
signals supplied through the scannin g fine Gm, knaga 
information for displayk^ is input to the liqukl crystal dai . 
encapsulated t>etween the pixel electrode 441 and a 
counter electrode <not shown In the drawings) torn tfia 

99 data fine Sn through the TFT 404. 

lOieq to ttia Second Embodiment as descrfbad 
above, since a liquid coating material is appfied onto ttia 
insulating substrate 410 by a coating process, such as 
a spin coating process, which Is suitable for treatment 

99 of large substrates, to form the ITO film for forming ttia 
pixel electrode 441, the ITO fitoi can be formed by an 
inexpensive system, wrjthout using a large film de p os l 
tidn system pro vided with a vacuum uhtt, auch as a apul* 
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tering system. 

[01 61] In the coating method, the liquid or paste coct- 
ing material fills up the contact hole 421 B as shown En 
Rg. 25(B) when it is applied onto the interlevel insulatir^ 
film 421, the surface shape of the resulting pixel eleo- 
trode 441 is barely affected by the unevenness of thQ 
layers thereunder. As a result a flat pixel electrode 441 
(conductive film) with no surface steps cian be formed, 
rubbing can be stably achieved, and the occurrence o7 
reverse-tUt domains can be prevented. According to ths 
Second Embodiment, the display quality is improved. 
[01 62J In contrast, when the pixel electrode is formed 
with an ITO sputtering film 450 as shown in Fig. 25(A), 
the resulting ITO sputtering film 450 has steps fai ct> 
sponse to the steps of the surface thereunder. Sud^i 
steps on the ITO sputtering film 450 result in unstab&s 
rubbing aruj the occurrence of reverse-tlK domains, and 
thus decreases display quality. Further, the ITO sputtsT^ 
ing film Is barely formed so as to fill up the entire cont®^ 
hole 421 B, hence an opening is formed therQ. SucSn chj 
opening also results In unstable rubbing and the ocou> 
rence of reverse-tilt domains. Accordingly, it is usefii3 C9 
form a pixel electrode 441 by an ITO coating film, G3G 
shown £n 2SP). 

Third Embodlntc^ 

[0163]] Fig. 22 is an enlarged partial plan view of pine) 
regions formed on an active matrix substrate for a liquid 
crystal display device, ar>d Fig. 23 is a cross-sectioned 
view taken along section IWI* of Fig. 2S. 
[0164]| In Figs. 22 and 23, differences between tto 
thin film device configuration on the active matrix suS> 
strata 401 for the liquid crystal display device in accord- 
ance with the Third Embodiment and the thin fHm devto 
configuration on the active matrix substrate 400 for thQ 
liquid crystal display device in accordance with the Sc^ 
ond Embodiment are as follo^;^ 
[01 6SJ1 The Third Embodiment employs a double-te^ 
er-structure interlevel insulating film including a lower 
interievel insulating film 421 formed on a gate electro^ 
415 and an upper interlevel insulating film 422 formed 
on the lower interievel Insulating film 421. A source e!c&> 
trode 431 is therefbre formed on the lower Interieve) Cz> 
sulating film 421 and is electrically connected to o 
source region 414 through a contact hole 421A in ©to 
tower interievel insulating film 421. 
[016(3| On the other hand, a pixel electrode is formed 
on the upper interieveO insulating film 422, and is eCco- 
trically connected to a drain region 416 through q es^ 
tact hole 422A in the upper Interievel insulating film 
and the lower interievel insulating film 421. Since ffitQ 
pbcel electrode 441 and the source electrode 431 sao 
formed on different layers from each other, these eteo* 
trodes do not short-circuH each othsr. 
[0167]] In the Third Embodiment, as shown in F%.22, 
two peripheral sides 441A and 441B, parallel to dcK^ 
lines Sn and Stk-I, respectively of the pixel eledrodo 



441 in each pixel region 402 tie above the data fines Sra 
and Sn<M . Further two peripheral sides 441C and 441&), 
parallel to scanning lines Gm and 6m<'1, respecth/csS^, 
of the pixel electrode 441 fie above the scanning tinco 

Q Gm and Gm<>1 . In other words, a part of the pixel elco- 
trode 441 is formed on the data fines Sn and Sn^l (md 
the scanning lines Gm and Gnr>1. No gap Is thereitoso 
formed between the four peripheral sides 441 A to 44116) 
and the data fines Sn and Sn^'l 03* the scanning Qnco 
Gm and Gm^ 1 in the plan vie;:;. As ® resuSa, the do(^ 
lines Sn and Sn-M and the scanning fines Grn and GttooI 
function as a bladt matrin, and high quafity display ccpQ 
be achieved without providbg additional steps for fo7U&&- 
ing a blac£c matris Isj^cr. 

ts [0168J The manufacturing process of such an ac^^ 
matrix substrate 401 also indude the steps sho^ tia 
Rgs. 20(A) to 20(D) Cbr the Second embodtn^saTlto 
following steps after the steps shovm In 1F^. 2e(A) Cg> 
20(D) will b& described vvlth referenos CoiF^ 24{A^C^ 

SS 24(0)]l 

£0169]) As shown Jn Fig. 24(A^aits7fomil?^QsaiD^ 
region 414, a drain region 413, a channeil regton 4DycO 
gate region 413 and a gat3 electrode 41S, q tov^fscCcs^ 
level insulating film 421 composed oITq sllioon o«£do 

2S isfoTmed^QCVDorPVDpRMCCD.. . 

[017011 Nest, as shovsTi en Rg. 24<@). o ran:^ CtsCo 
421 A is formed at a position o3 the Cotter btCt^vd) C> 
sulating film 421, correspcndETtg Co the soar^ pg©!^ 
41 4. An aluminum film isi Comted by Q sputtertng pcnoe:x^ 

SO and then is patterned Co Aotss q soince elec^odo • 
and data finsQ Ssti, ©3^>oD 

£01713. Next, as shovvn 24(C), an upper M:c3^ 

level Insulating film 422 composed of a snioon o::£dQ Cu)ia ' 
is formed on the lower interievel insulatins 4SD 
aCVDorPVDprooeGO.AconteGtho£e422Abtoin^ 
at positions of the lower {nterievel finstJlating 421 otd 
the upper interievel insisting tta 42So csm&s^ttxn^^ 
to the drafn regte) 4^0. 
. 10172]) Next, as sho?sfn'tnlF?g. 24(D). GnllTOfD5m4(^ 
<o is formed by coating on ^ entto surfooe o? the tn:^=> 
level En8ulatir^1it:n7D<S^ 

[0173JI Thecoati7^f^cs:ntoa£QOtoms^^;^^;c^ 
c>us nquid and paste coating materte^Ss eo Cn tho 1?&otC5Cd 
Second En[it)odimefi&Q. Aritong theco ooat£r^ mateirCc^ 

^ liquid niaterials are appScabSe Co Q dippcna cr mc^ 
ing process, artd pas^ matsjEs^ aso app9£csSi^ o 
screen printing propeGO. On ^ Enfited^Tvtsxrul, ^jcd 
resulting fTO coa^ ^ 403 b ouS]jected Co 
secoTKJ anneaCr^ prooesego QS descT&ed (sfito^ Cd^D» 

C9 crease C2o 6he(^ resSsi^irjcsD. 

1017^ Then, the (TO (23m <!03 b psjtt®^^ 
pixel electrode 441 as olhsscm tn'^ 3S. Ao descrOrc^ 
with reference to ^ 22. tn es^ pbssS regSon 4QS; C!n^ 
ITO film 409 is patterrted t?^^ Ctor periphc:/C!) 

ss- sides 441A to 441D<^thopto3eSect2nodQ 441 Ceota^^o 
the data Unes Sn and 1 izind ^ scannS?^ I!7tcx3<^:^ 
' and<9m^1. Since the da!bCS7tcs(^tl?t3^sjnn!7^ 
are generally fonncd ^ o ms^ G^ptxs^ dotb Csczo 
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and scanning lines can be used as a black matrix. As q 
result, high quality display can be achieved without fur- 
. therstepo. 

[0175] Further, the pixel region 441 is expanded as 
much as possible so as to overlap with the data lines 
and the scanning fines, hence the pwel region 402 h&s 
a high aperture ratio. The display quality is further im- 
proved theroS^ 

[01763 In the Third Embodiment, since the ITO fSm Cor 
Ibnning the pixel electrode 441 Is .fonned on the insu^ 
ing substrate 4 1 0 by a spin coating process (coatir^ &a 
deposition method) which is suitable for treatmtsTtl ^ q 
large substrate, using a fiquid coating material, the pbc^ 
electrode has, as shown in Fig. 25(B), a large thickness 
at an indented portion of the lower layer and a small 
thickness at a protruding potUon of the tower layer. ^ 
a result, unevenness due to the data lines is not reflacft- 
ed on the surface of the pixel electrode 441 . The formgD- 
lion of a flat pbcel electrode 441 without surface steipo 
can stabilize rubbing ar>d prevent the occurrence of ro- 
verse-tilt domains. Such advantages ho3d on tho %xp^ 
layer side of the scanning lines. Thei present Invention 
therefore improves display quaKi^ 
[0177]] Further, since a liquid coating material Is S3>- 
plied onto the insulating substrate 410 by a spin coatir^ 
process, the ITO film for forming the pixel electrode 441 
can be formed by an inexpensive film coating systeonip 
differing from a sputtering process requiring a large Htm 
deposition system provided with a vacuum tsjCL 
101 783 Additionally, the coating method has excellena 
characteristics for covering steps, hence large uneven- 
ness of the contact holes 421A and 422A in the lowsr 
and upper interlevel Insulating films 421 and 422 dosQ 
not affect the surface shape of the pixel electrode 441.. 
(ITO film). Since the two interlevel insulating films, ttoJ 
is, the tower interlevel insulating film 421 and the uppsr 
interievel ir^ulating film 422 are formed, a flat pixel eCso- 
trode 441 without surface steps can be formed reges^ 
less of large unevenness due to the contact holes 421A 
and 422A. In such a configuration, the pixel electrode 
441 is directly conriected to the drain region 416 and no 
repeater electrode (via) electrically connected to tfco 
drain region 416 Is fbrmed between the lower interiet^ 
insulating fHm 421 and the upper interievel insulating 
film 422. resulting in simplified production st^po. 
[017831 in the fonmation of the pixel electrode In <to 
Third Embodiment, although a spin coating process to 
employed to form the ITO film using a liquid coating reto- 
terial, the ITO film can be formed by a printing prooeoo . 
using a paste coating material. Since the paste coating * 
material can also be appficabte toa screeri printing pm^ 
ess, a paste coating material is applied onto only (2ho 
region forming the pbtel electrode 441, foHowed by (£7^ 
ing and annealing, and the printed region can be usc^ 
as the pixel electrode 441 without further steps. Sine© 
patterning of the ITO by an etching process Is rttrt ffo- 
quired in this case, the production costs can be dras!^ 
caOydecresicc^- 



[0160] In the Second and Third Embodiments. cogxSo* 
na retype TFTs are exemplified. En which the surfiocD 
shape of the pixel electrode 441 is greatly affects Gs^ 
the contact holes in the interlevel insulating film. Wihcsi 
9 the present invention is applied to the formation of a 
el electrode on a tower layer having urilE/venneso tn a 
reverse stagger-type TFT, the effect of such unevcxnh. 
ness on the surfoce shape of the pixel electrode can to 
rentoivc^ 

. Fourth &nbodcmc3i3 

(0181]) Fig. 26 is a cross-secfiiortal vlevv taken ato^ 
section IMI* of Fig. 22, showir^ a configuration acoos^ 

18 ingtothe Fourth Emt>odiment which is dfffeimt(K>mfi!hc3 
' tn Flg.2S. ' * 

[01823 The Fourtti Embodiment also en^>toy3fit:»t^ 
terievel insulating films 420 composed of o tower tnt^ 
level insulating film 421 and an upper interlevel toifc ^ 

^ ing film 422 deposited m the toaaftsrfaifiarievQllnsu^^^ 

[01833 The configuration shown Cn (Ffe. 28 is diffG3T^ 
from the configuration tn R3. 23 Cn t?^ the ptosl 
trode 441 has a double laysr sSrucauTO oonsistino eUcrn 
38 ITO sputterirtg fifan 44(3 {aomSutiS^ sputtering (^). 
formedonthe upp^ inteflev@9 finsulating (t9m 422 o 
sputtering process artd an 9TO ooating fiSm 447 (ooTt^sc^ 
tive transparent ooatir^ film) formsd on th3 UTO spuSCo 
ir^to^OQ. 

SO [01843 The ITO ooatiB^ to 44? ts thersfoT© eCscC^ 
cally connected to the dnatn regton 416 through tho IHRD 
sputteririg film 446 lying thereunder. Scnce the ITO spaio* 
tering film 446 and tho ITO coating ilKTn 447 are ^ts^asi^^ 
taneously pattem-fipnrad aa descirflbsd lafesr, theso (ta«o 

^ Qoommonfonv^rGg^m 

[018S]| Sirice other poTttoTts QQQ to sarna (DS l^urcotn) 
Fig. 23, the- same Identittetton mmtb^ ism m(S^ t;:0>> 
out detailed descrijs^^s:))^ 

[01863 The planar layout cH ^ configuratton ^ 

^ Fourth EmtKXfiment is ths same as thsit of th3Th£7t)(BKK> 
bodiment. shoKfn tnlF^ 32, and dal^ &ic3^ . 
Sn«>1 ...^andscann&^CncQGsiri,tSsi;9&1l ^^mti&mc3 
a black matrfo. As m 9&8^ h^ ^suaSlly.dlspSasf cc3Q ^ 
acff^eved vvllhoisd {ncres^ng gCc^ - 

^ [01373 In the Third ErnbcdJmcxia ©to ir?0 «>afi^ 
447 in contact wHh tho <£rQcra 413 tonxfcj Co CtCfi^O 

a higher contact resiststnoa osmtpm^ Co to OTO 
teririg film. In the Fmff0« Srnb©iS!ms3c2, to OTO ooodjEg 
film447iselectrical3yoon7Ks«SsdCotod7Qinresto^ -: 

80 through the ITO sputtertngl^ 443, ondou^.Q 00:^2^ 
uration does no3 caus^Q o otmSsired resistSc^SD. 
[018©3 A method Cor ms^tdn^ o^cs^ cm ocSih^ m:i^ 
substrate 401 wiP no^ &t3 desGr£2:sd vt^&r&rtsD C@ 
Figs. 27(A) to 27(E) and Ffeo. 28(A) Co 20(E). ScncD to 

89 Figs. 27(A) to 27(E) ©jq to eama m 2C(A) 

(D) and F^. 24(A) for to sts^ to TWffd Enttoa^ 
ment, respectively, to descripSEon) b omSStcii A^ Go 
rigs. 28(B) and 28^yciQ to GC30C3 cx3lR^-2^) • 
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24(C), respectively, for the steps of the Third Embcxm 
ment 

101 89] Fig. 28(A) shows a resist patterrvforming step 
before the step in Fig. 28(B). In order to form the source 
electrode 431 and the source line shown in Fig. 28(B). 9 
an aluminum film 460 Is form^d by a sputtering process * 
in Fig. 28(A). A patterned resist mask 461 Is formed on 
the aluminum film 460. The source electrode 431 and 
the data line, as shown In Fig. 28(B), are formed by etch- 
ing the aluminum film 460 using the resist film 461. '^0 
[0190] Next, as shown in Fig. 28(C), the upper inter- 
level insulating film 422 composed of a silicon oxide film 
is deposited on the lower Intertevel insulating film 421 
by a CVD or PVD process. After ion implantation and 
forming the intertevel insulating films, the substrate is t5 
annealed in a given thermal environment at 350 or 
less for several tens of minutes to several hours to 
tivate the implanted ions and to bake the intertevel Irv 
sulating film 420 (the tower intertevel insulating film 421 
and the upper intertevel insufating fibn 422). A contact 20 
hole 422A is formed at positions, corresponding to ths , 
drain region 416. In the lowlBr Iriterlevel insulatirig film 
421 and the upper intertevel insulating film 422. 
[0191] Next, as shown in Ftg. 28(D), an ITO sputtering 
film 446 (conductive sputtering film) is formed on the er»- 2S 
tire intertevel insulating film 420 composed of the lower 
intertevel insulating film 421 and the upper Interlevel 
sulating film 422 by a sputtering process. 
[0192] Next, as shown In Rg^ 28(E), an ITO coatino 
film 447 (conductive transparent coating film) Is fbrmsd M 
on the rro sputtering .film 44e. 
[D193| The ITO coating film 447 can be formed under 
the same process corulltions as in the Rrst to Third Em- 
bodiments. The llqukJ or paste coating film applied on 
the top face in the Fourth Emtxxtiment Is annealed in ^ 
an annealirtg chamber after the solvent is removed by 
drying. The coafing film is annealed or fired at a tempef^ 
ature of 250 to 500 ""C and preferably 250 to 400 "C 
for 30 minutes to 60 minutes in air or an oxygervcor*- . 
taining or nonreducing atmosphere* and then annealed ^ 
at a temperature of 200 *C or more and preferably 200 
*C to 350 ''C for 30 minutes to 60 minutes In a hydrogeiv 
containing atmosphere. The temperature of the second 
annealing step is set to t>e lower than that of the first 
annealing step to prevent thermal degradation of the 45 
coating film stabifized in the first annealing step. By such 
anneafing steps, organic components are removed, and 
the coating film is converted to a mbced film (ITO ooaino 
film 447) of Indium oxide and tin oxide. As a resuft. the 
rro coating film 447 with a thickness of approximately 90 
500 angstroms to 2,000 angstroms has a sheet resist . 
ance of 10^ O per sheet to 10* O per sheet and a light 
transmittance of 90% or more, and this and the ITO spu^ 
taring film 446 can form a pixel electrode 441 exhibiting 
satisfactory characteristics. ss 
10194] Next, the Insulatirig substrate 410 is main^ 
tained in the nonreductlve atmosphere used in the seo* • 
ond anneafing step or a nonoxidative atrrK>sphere such 



as a gaseous nitrogen atmosphere untS the suk>strals 
temperature decreases to 200 or less, and taken oiM 
to open air from the anneafirtg channt>er wt>eh the su^ 
strata temperature reaches 200 *C or less. When ths 
insulating substrate 410 Is exposed to open air after ths 
temperature reached 200 •C or less, the coating tarn 
having a decreased reslstanbe by the thermal reduction 
during the second annealing step Is prevented firom«^ 
oxidation and thus the ITO coating film 447 has a low 
sheet resistance. It is mora preferable that the tempsf^ 
ature when the insulating su!>strate 410 is taken out fcom 
the annealing chamber to open air be 100 *C or less In 
order to prevent reoxidatton of the ITO coating film 447, 
Since the specific resistance of the ITO coatinig film 447 
decreases as oxygen defiecis ftn the film Increase, reoi^ 
idationofthe ITO coating fOm 447 due to oxysen In * 
increases the specific resistance. 
[0195] After forming the TO sputtering film 446 and 
the ITO coating film 447 In such a mannsr. a resist «m 
4 62 is formed, and tiiese fibm are coOectivefy patterned 
with an etching solution, such as aqua regh or a HBr 
solution, or by dry etchtr^ using CH4 or the ffke to form 
the pixel electrode 441 as shown in ^ 23. A TFT Is 
tiiereby formed in each pixel electrode 402. When drtv- 
\ng the TFT In response lo e control signal suppfied 
through the scanning fine Gm, Image informallonls'lnpcA 
into the liquid crystal encapsulated between Itie piMsl 
electrode 441 and ttie counter electrode (not shown In 
the drawing) from the data ine Sn through the TFT40 
display a given imaos. 

[01 9q In this embodiment, the TO coating film 4471s 
used to forni the pbcel electrode 441. Since the film dep- 
osition by coating exhiblls excellent characterfstioa Ibr 
covering the steps, a fiquki or pasta coating materiai to 
form the TO coating film 447 can satisfectorDy compen- 
sate unevenness on the surface of the ITO sputtetfng 
film 446 caused by the contact hole 422. Further, ihm 
coating material is coatedsuch that the TO coating ttm 
447 has a large thickness at an indented portion and a 
small thickness at a protnided portton.4Jnevenness due 
to the data line 431 does not Ihergfare repOcate the ataw 
fece of the pixel electrode 441. The same rei a t tensl dp 
holds in the upper layer of the scan n ing Mae 41g, Ao* 
cordingly. a pbcel electrode 441 having a flat surfiMe 
without steps can be fDrmed. resulting in 8tal)le rubbing 
and preventton of the oocunenba of reversed* di^ 
mains. The present invention therefore Improves Imagg 

[0197] In contrast, whsn forrnhg «w pbcel electrode 
by only an TO sputtering film 446 as shown ftiFig. 99K 
the TO sputtering film 4461b replicated by the slepeen 
the surface on which ttie TO sputtering fibn 446 Is 
formed, the steps formed on the surface of the ITO 
sputtering film 446 cause iffistat>le rut)bing and the oc- 
currence of reverse-titt domairw. end thus deteriorsie 
display quality. Further, ft is difficult to fonm the TO spul- 
tering film 446 so as to fiO the eiilire contact hoto 42aA, 
hence an opening is inevitably fonned. Such en opentao 
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also causes unstable rubbing and the occurrence of re- 
verse-tilt domains. The formQtlon of the ITO coating film 
447 therefore be useful 

[01 98] As shown In the Fourth Embodiment, when the 
intertevel insulating film 420 has a double layer structure 
for the purpose of forming the pixel electrode 441 and 
the source electrode 431 on different interlayers, the as- 
pect ratio of the contact hole 422A increases; however, 
the ITO coating film 447 can form a flat pbcel electrode 
441 regardless of tMt. 

[01 99] The ITO sputtering film 446 has a trerid of poor 
adhesion to a resist mask compared to the ITO coating 
. film 447; however, the resist mask 462 is formed ori the 
ITO coating film 447 in this embodiment, and accuraicy 
of patterning is not deteriorated. A pixel electrode 441 
having a high definition pattern can therefore be formed. 

Fifth Embodiment 

[0200] Fig. 29 is an enlarged plan view of a part of a 
pbcel regton fonmed on an active matrix substrate for a 
liquid crystal display in accordance with the present ir>- 
ventton, and Fig. 30 is a cross-sectional view taken 
along section Ill-Ill' of Fig. 29. In the Fifth Embodiment, 
parts having the same function as in the Fourth Embod- 
iment are referred to with the same identification nun^ 
bers, and a detailed description thereof with reference 
to drawings has been omitted. In Fig. 29, the active me- 
trix substrate 401 for a liquid crystal display in accord- 
ance with the Fifth Embodiment is also provided with a 
plurality of pixel electrode regior>s 402 formed by date 
lines 431 and scanning fines 415 on an insulating 8Ut>- 
strata 410, and a TFT is formed on each of the pbcel 
electrode regtons 402. 

[0201] The planar layout in the Fifth Embodiment oth- 
er than the fTO sputtering film is identical to the oonio- 
uratfon shown In Fig. 22 for illustrating the Third and 
Fourth Embodiments, hence data lines Sn, Sn^l — 

and scanning lines Gm, GnrH-1 function as a black 

matrix.. High quality image display therefore can be 
achieved without additional steps. 
[0202] Since in the Fifth Embodiment an ITO sputltf^ 
ing film 456 and an ITO coatirtg film 457 are separately 
patterned as descrit>ed below in contrast to the Fourtti 
Emk>odiment, their regional areas ■ are different from 
each other, that is. the regk>nal area of the ITO coating 
film 457 Is larger than the regional area of the ITO sput- 
tering fiton 456w 

[0203] When fonrning the ITO coating film and the ITO 
sputtering film on a common region as in the Fourth Em- 
t>odiment, these two fTO films can be simultaneously 
patterned. The resist mask is formed only on the ITO 
coating film having excellent adhesiveness to the resist 
nrask, aruS is not formed on the rro sputtering film hav- 
ing poor adhesiveness to the resist mask. High definition 
patterning can therelbre be achieved. 
[020^ In contrast, in the FHIh Embodiment, a reeiat 
mask must be formed also on the surface of 9ie tfO 



sputtering film. When the regional area of the ITO coat- 
ing film is larger than the riegional area of the ITO sput- 
tering film, the accuracy of patterning of the ITO ooatino 
film having excellent adhesiveness to the/resist mask 

8 determine a final pattern; hence hl^ definition pattern- 
ing can be achieved even if the ITO sputi^ng libn has 
poor adhesiveness to the resist mask. 
[0205] The steps shown in Figs. 31(A) to 31(G) far a 
manufacturing method of such an active matrix siMh 

to strata is simflar to Rgs. 27(A) to 27(E) for the Fourtti 
Embodiment Thus, only the steps showm in IHgs. 31<P) 
to 31(F) win now t)edescrit>ed. 
[0206] in Fig. 31 (C), an upper friterlevel Insulating mm 
422 composed of a silicon oxide film is formed on a Icwmt 

19 interievel insulatirig film 421 and then a contact twle 
422Aisf6nnad. 

[0207] Next, as shown In Fig. 31(D), an ITO film 456 
(conductive sputtering fBm) is formed by a sputtefing 
process on the entire surfBoe of the intertevel insiialino 

20 fiim420oomposedoftek3werfaiter(evellnsutetinofibii 
421 aruJ the upper interievel Insulating film 422. Those 
steps is also identical to the Fourth Embodimaat 
[0208] In the Fifth Embodiment, however, only thelTO 
sputtering film 456 is patterned with an etching solution, 

25 such as 8<7aa/egfe or a HBr solution, or by dry etching 
using CH4 or the lilce. Alter fbm^ng the ITO sputterfnjB 
film 456. a resist mask 464 is formed as showmR©. Si 
(D) and is pattemed. The ITO sputtering film 456 Is 
etch ed using the resist mask 464 such that the ITO spul- 

90 taring film 456 remains in e regton which is naiioMT 
than the region of a pixel electrode 441 to he formed. 
An ITO coating film (conducth^ transparent coating fikn) 
is formed on the top face of the ITO sputtering film 456. 
The coating materials de8crfl>ed In the atxjve-men- 

3S tioned EmtKxfiments can b& used lor lormUig ttie ITO 
coating fikn 45?. 

[0209] After forming the ITO coating film 457 In such 
a manner, a resist mask 462'ls formed as shewn in Fl0. 
31 (F) and is patterined wHh an etching sokitlDn, such ee 

40 aqua regia or a HBr sdullon. or 1^ dnf etcMng uehrio 
CH4 or the like to form a pixel electrode 441 es s hcw wi . 

inFto-3a 

[0210] The configuratton in the Filth Emtxx ft nent lies 
similar advantages to that in the Fourth Emtxxfimeni. In 

45 particular, although the ITO ooatbig fikn 457 in co nl e ct 
with a drain regkin has a higher contact resistance then 
the ITO sputtering fibn. the no coating film 457 In iNe 
Fifth Embodiment is electrically connected to the drain 
reg ion 4 1 6 through the ITO sputtering film 456 to canoii 

so such a high contact resistance. Skioe the ITO sputtering 
film can be thin, H can l)e etched within a short time w«tfc» 
out preventing patterning, regardless c# poor adhotiim 
ness to the resist mask 464. Since the ITO ooating fikn 
457 having h'^h accuracy for patterning deteiirtnes final 

00 accuracy of the pixel electrode 40 for pattemino.Mah 
aoouraqf pattenrfrig can be achieved. 



16 



37 



EP1 445793A3 



Sixth EmbodlmsTil 

[0211 J Rg. 32 is an enlarged plan view of a part off m 
pixel region formed on an active matrix substrate fo7 m 
liquid crystal display In accordance with the present (n- ^ 
vention, and r^. 33 Is a crbss-sectional view takon 
along section IV-IV of Fig. 32. 
[0212]| The arrangement !n the Sixth Embodiment 
characterized In that a pixel electrode 441 is composed 
of an ITO coating film (conductive transparent coa&its ^® 
film) 468 formed by coating on an upper interlevel Infur- 
iating film 422, and the ITO coating film 468 is electncalSy 
connected to a repeater electrode 466 composed of an 
aluminum film formed on a lower interlevel insutatiftg 
film 421 by a sputtering process through a contact hoG® 1B 
422A in the upper iriterievel insulating film 422. The bq- 
peater electrode 466 is electrically connect^ to a drabt * 
region 416 through a contact hole 421B In the lovifQTts^ 
terlevel irisulating film 421. As a result, the pbcel eC^ 
trode 441 is electrically cormected to the drain electrodb 29 
416 through the repeater electrode 466 lying thereic^ 

[021 3]| Since the repeater electrode 466 composed c7 
an aluminum film does not have light transmitting cho 
acteristics, the region for forming it is limited to the Into- as 
rior and periphery of the contact hole 421 so as noA to 
decrease the aperture ral^ 

102143 The steps shown in Rgs. 27(A) to 27(E) for tfrco 
Fourth Embodiment can be employed Cor thQ nmKitk::^ 
turing method of such an activa matTbx substrsitD ^ 
The succeeding steps after the step in Fig. 27(E} c:d 
now be described with reference to F^ 34(A) to 340S). 
[0219] As shown F|g. 34(A). after contact holes 4211 A 
and 421 B are formed at positions corresponding t!o o 
source region 414 and a drain region 416, respecth^eO^, ss 
in the lower interievel insulating film 421, an aluminu?^ 
film 460 (conductive sputtering film or metal filnni) t3 
formed by sputtering to form a source electrode 431 an^ 
data lines. Next, a resist mask 470 is formed and tto . 
aluminum film 460 Is patterned using the resist masCi ^ 
470. As a result, as shown in Fig. 34(B). the source e(S9> 
trode 431 , the data lines and the repeater electrode <^ 
aro simuHaneousiy formed 

[021S3 Next, as shown in Fig. 34(CX an upper intG3«- 
level insulating film 422 of a silicon oxide film is formed ^ 
on the surface of the lovt/er interievel insulating film 42D 
by a CVD or PVD process. A contact hole 422A to 
formed at a position corresponding to the repeater etso> 
trode 466 (a position corresponding to the drain re^ssD 
41 6).in the upper interievel insulating film 42S. ^ 
[02D73 Next, as shofvvn in Fig. 34(D), an ITO cosCs^ 
film 468 (conductive transparent coatirtg film) is fbrm:^ 
* on the entire interievel insulating film 420 oonsistirtg q7 
the lower interievel irtsutating fUm 421 and the upport^ 
terievei Insulating film 422. ^ 
[021 @]| The coating material described In the abo^ 
mentioned emk>odiments can be used for forming ^ 
no coating film 



[02193 After fomiing the ITO film 468 en suc^ a rnjS3> 
ner, a resist mask 462 is fipnmcd and patterned to foam 
a pixel electrode 441 as shown in F^. ^ 
[02203 As shown in Fig. 32, data Ones Sn, SffsoU w.. 
and scanning lines Gm, GmoU — function as a ble^ 
matrix. Further, the aperture ratto bf the pixel region 4(5S 
can be increased and a pbcel electrode 441 having m ^ 
surface without steps can be formed, hence nibbing tD 
stabilized and the occurrertoe o7 reversed domsSso 
can be preventdlL 

[022113 Although the pixel electrodo 4<}1 composed (s3 
the rrO coating film 468 has a higher contact resistSTtso 
with the drain region 416 (silicon film) than the ITO 
tering film, the ITO coating film 468 In the Sfacth Embtal^ 
iment is electrically connected to the drain region 41)0 
through the repeater electrode 466 composed of the 
minum film formed by sputterfstg Cp canoeS QusS% o 
contact resistSTCSD. 

[02223 Although eltumSmcm to wscd Cor ©ts jegissCzT 
electrode 468 in thfe embodbizaft^ c7 o 
film composed of alumSmoot end Q Wgji meiting pn!3ui 
metal can further decreases ths contact resistanoa x;:^ 
the rrO coating fflm 4®3. Th© h5s5« bcS2stQ pcJM 
such as tungsten or molybdenacoa, to bareE^ o x M k c ^ 
compared to aluminum, v^hesn ^ oomee lTito oontaci 
the nrO coating fOm 4^ contabibtg q laigo ammral.eJ 
oxygen. The oontacS resistartc© between tfiQ repecCixr 
electrode 466 and the ITO coating film 468 can tftersSo:^ 

Seventh EmbodSmcscl 

[022^ Fig. 3518 an enlarged pfis^n vie^ g7o pcjtt (s3o 
pixel region formed on sn activ® matvin substrata Csro 
liquid crystal display bi ( s o oo w te nca vtfUth tfta ^tiTO&sslti> 
vention, and F^. S3 b Q croso-eectfond v&s^ tsSscs) 
alcj^ sectoi V-V«<?1R2). ■ 

[02243 The Seventh Einbodifnent fncCutSs Q modiCc:^ 
configuration of Second embodimeM sho^ tni '(Rs. 
and Fig. 1 9, in which a repeater efectrod© 480 ac«c3^ 
electrical connection bettAfCSxni cm WO coaSng <3^D 
and a drain r^S3^ 4D@b 
[022Sg lnF^SS.anG9G8h^msifiri»oub38ra^ 
cordarice with the Sevenlh Smbodlntsnt ^ also provCtic^ 
with a plurality of pixe9 regSoTto 4€i2 tomed fi^ d^ &CC3 ' 
431 and scanning lineo 4116 <cn an fnautetiing ©ubstoCD 
410, artd each of the j&osi re^txna 462 b p«n^5dsd 
a TFT (a nonlinear etenient tor p^wsl 8v;^t^ll^7t2)^ Cn) <s3t^ 
planarization of the pixe9 efiecSmSa isstd reducSfon^ Cj^ 
contact resistance e70 Intsndsd. ^ iSoCot;;;^ conC^ 
ratten svaOc^CD. * 

[022^ As shovm fei "F^ Si. &i «to Seventh ©fnSj©& 
. ment, an interievel finsulatE?^ (Sjsi) <!21l to oomjwsc^ ^ 
cnQ siEcon oxidQ fc^^c?, 

[022^ THe pixel electrods 4411 composed off TO 
coating film is fomied cn tho to3> feoQ c3 fito repscCcr 
electrode 480 composed eH est 8&mt5mcm dta^coTC^)^ 
tive sputtering film or ntetal f^) vM:S^'t3 Conned am 
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interievel insulating film 421 by a sputtering proceso. 
The pixel electrode 441 is therefore electrically connect- 
ed to the drain region 416 through the repeater electrodo 
480. Since the repeater electrode 480 composed of qti 
aluminum film does not have light transmitting chara&> 
teristics. the region forfomoing H is limited to the interior 
and periphery of the contact hole 421B. 
[02283 Since the pixel elecUode 441 and the souroa 
electrode 431 are formed between two common layero 
In the Seventh Embodiment, such that these two elec- 
trodes are not shorl-drcuHed (refer to Fig. 35 and 
33^ 

[02293 Such an active matrix substrate 401 is manofl- 
factured according to the steps shown in Figs. 27(A) tlo 
27(B) for the Fourth Embodiment The succeeding step9 
after rtg. 27(E) wOl now be descn'bed with referenca «o 
Rga. 37(A) to 37^ 

[0230II As shown In Tig. 37(A), contact holes 421A 
and 421 B are formed at positions corresponding to Q 
source region 414 and a drain region 416. respectiveJjfc 
in the interievel insulating film 421 . After forming by spocl- 
tering an aluminum film 460 for forming the source eJso- 
trode 431 and data fines, a resist mask 470 is formsil 
' Next, the aluminum film 460 is patterned using the resEsft 
mask 470 to form the source electrode 431. the data 
lines and the repeater electrode 480 as shown In Rg. 
37$% 

[023D3 Next, as shown in Rg. 37(C). an ITO coatirtg 
film 482 (conductive transparent electrode) is formed cm 
the entire top face of the interievel insulating film 421. 
The coating films used In the al>ove-mentioned emlww^ 
iments can be used for forming the ITO coating film 432. 
[02321 After forming the ITO coating film 482 in sucSi 
a manner, a resist mask 484 is fomied and the ITO ffiten . 
4 82 is patterned using the resist mask 484 to form a pisG^ 
electrode 441 as shown In Rg. S5. 
[023S]| Accordingly, a pixel electrode 441 having a ^ 
surface without steps can be formed, resulting in stab!Q 
rubbing and prevention of the occurrence of a revereo 
tilt domain. Further, an increase in the contact resist 
ance between the pixel electrode composed of the ITO 
coating film formed by a coating process and the drstn 
reg!on 413 can to preventetL 

[023<Q| The present invention IS not fimitedtfieabo^ 
mentioned emt>odiment and can include various tnoxS^ 
fications within the scope of the gist of the present 

vertSssL 

[02331 ^or instance, in the Sixth and Seventh EmbctS- 
iments, the repeater electrodes 466 and 480, the soutted 
electrode 431 and the data lines are simultaneous&y 
formed of the common metal film (aluminum film). (3^^ 
stead, when the interievel insulatii^ {ibn 420 eTtcSu&rsa 
lower interievel insulating film 421 and an upper into 
level insulating film 422, both the pixel electrode 441 
composed of the ITO film by a coating process arwJ tho 
repeater electrode 486 composed of a conductive spwi- 
tering film may be formed on the upper insulating (ctm 
422. Such 8 configuration can extend the regton formSng 



the pixel electrode 441, drfferirig from tto Sbct^ 
iment. and thus data lines arid scanntr^ lines ftinc^ton 
as a black matrix. Since the repeating electrode 4@3 
(conductive sputtering fBm) and the soured electrcH^D 

s 431 are formed by different steps, the maUrial far ^ 
repeating electrode 488 may be the same is or dlffercxitl 
from the material to- the soicroe electrodo 
[0236J in both the Sfoth and Seventh EmbodhnsTt^ 
although planar-type TFTo ase described tn wh^ ©to 
contact holes in the iriterieveS insulating films greats 
feet the surface shap©o of tho pixd eSecSrodco, 
present invention can also be appCod (bo m reverse 8^::^^ 
ger*type TFT. When the pixel eiectrods is foroad Co to 
formed on an uneven surfooa, the surface of the pteH 
electrodei formed of a conductive transparent oo&^ttQ 
film by a coating process as bi the present Invented t3 
rwt affected by such unevemcco. 
[023711 For example, an ITO coatlr^fiCTnls used ao Geo 
pixel electrode 441 tn a fxsveree sla^esr-Cy^jQ timt dka^ 

20 in Fig. 3B(B) for the purpose of ;riartarizistSs3io7^C2^ 
face of the pixel etectrods 441. On ©to TFT sho^n 1^ 
• 38(B). a protective undertayor^ll, a gate electrctlb^^^o 
a gate insulating film 41 3, an Intr&t^ simogphoiia sC^gga) 
film forming a channel re^on 4117 and irtsulatiitg Cm 

20 490 for protecting the charmsfl isao <teposi 8 sd tn thcii e> 
der ori an insulating substrain 410. Sotme artd dnifso c;:> 
gions 414 and 416 composed c7 Q h^ oonosntrc:::^ ; 
N-type amorphous silBoon fi!m are fo7m^ on boSh d^i£o3 
of the insulating film 480 Cior pTotecting th3 chsmtc3, c:n;^ 

so a source electrode 431 aitd o repeats^ e!ectrtm£o 
composed of a sputterir^ ^Cm su^ qq dhmi^i^i&a 
minum or titanium are formed on the sou703 and CrdJQ 
regions 414 and 41(3. IFurthsT. Qn EnterCevsS SnsuSsCs^ 
film 494 and a pixel electade 441 arts itomtsd thsscsso. 

ss Since the pbcel electrcdQ SSI t3 composed o^c:^ 17^ 
coating film, it has a fist ouifsm. The pSsel e£eG8rodo44D 
is electrically connected ^ rapesrtsr electrodo 4(!3 
through a contact hoSe tn the triterlevs!! ^uSat&tg 
441. Since the pixel electrodo 441 ^ elec8rfiGs£^ <§sji>- 

<o nected to the drain region 41 6 thTOi^ the repeater G£b3> 
trode 496 composed o? ®te spuQeriirtg C^Jva, Q l^i^ 
tact resistance betv^feen thQ pSsssl eCecSrodo 441 
posed of the ITO coating (&9i ond tto dnsfn 4^ 
(silteon film)can be soSved. Sbtoe&te i;^»s}efiscarod344D . 

^ and the source electrodo 4S1C7Q arranged beih;^;^^ 
ferent layers, these electrodo dooo uttA Qlka3^<tmCL 
As a result, the piitel eKectrodo 441 csttd to Cotwcc;^ tTO Q 
wide .rartge so as Co oof^ the dsi&s Dnoo ond cs=^ 
nirig lines (not sho^ tho d7isv:^7i32^ hoTtso tiho 

so linesarKlthescanrimgilins3ftmcSio7ioGS3(al^^ 

and the apertino r®fi£o o7 @to pSiic3 s i \i^l m ec3Q to tri>- 
creocc^ 

[023@]j Atthoi^ tho Irra ooafifT^ ti^ Hot (SD7m£ng CjCO 
pixel electrode is deposited vvith e QquU coat&ig msi^:^^ 
as by a spin coatir^ prooeso. thoiTO coat&tg (!!77i vnc^ ^ 
deposited usir^ a paste coatb^ materCoO Hs^ Q pTbc^Tt^ 
process. Further use the ff^isto coatSng maler&:9 
bles a screen prlntir^ p7003CS3, Cn Mt^MtSt tho ps)G(b€S=0> 
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Ing material is printed only on the region to form the pixeS 
electrode followed by drying and annealing, and the r©- 
sulting film can be. used as the pixel electrode. SInod 
this case does not require patterning of the ITO film, tte 
production costs can be drastically reduced. & 
[0239J Although only the pixel electrode is formed c7 
a coating film in the Second to Seventh EmbodimenSo, 
any one of an insulating layer, a conductive layer en^ o - 
semiconductive layer, as well as the pixel electrode, can 
be. of course, formed of a coating film, as described tn 
the First Embodimssa 

Eighth Embodimssta 

[02403 An electronic device formed of a liquid crysteil td 
display device in accordance with any of the aba^ 
mentioned embodiments include, as shown in F^. 40, 
a display information source 1000, a display Information 
processing circuit 1 002, a display driving circuit 1 0CO, o 
display panel 1 006 such as a liquid crystal panel, a docSc 20 
generatirtg drcult 1008 and an electric power drcufl 
1010. the information display source 1000 indudoQ 
menK>ries such as ROM and RAM. and a tuning drcuSl . 
for tuning and outputting the television signals, and oad- 
puts display information such as video signals based on 8S 
clock from the dock generating drcuit 1 008. The displ^ 
information processir>g drcuit 1002 processes and wii* 
put the display information based on the dock from tto 
dodt generatir^ drcuit The display informatten 
jprocessing drcuit 1002 may indude, for example, an so 
amplification and polarity inversion drcuit, a drcuit wiJah) 
parallel data input, a rotation drcuit, a gamma correctt039 
drcuit and a clamping dtfcutL The display driving droufl 
1004 indudes a scanrdng One driving drcuit and a da^si 
line driving drcuit and drives to display the liquid crystsf 
panel 1006. The electric power drcuit 1010 supplier 
electric power to the above-mentioned drcuS:^ 
[024*3]) Examples of electronic devices such a conf^ 
uration indude liquid crystal projectors as shown in Fcg. 
41, personal computers (PCs), as shown in Fig. 42, artiS <^ 
engineering work stations (EWSs) responding to muS^ 
media, pagers as shown in Fig. 43 and portable phones, 
word processors, televisiorts, view finder-type and ntos> 
itor*type video taperecordefs, electronic notetxxsSoQ. 
electronic desktop calculators, car navigation systervi3, ^ 
POS terminals, and apparatuses provkJed with tou^ 
pa?t:±i. 

(0242!| The liquid crystal projector shown in F^. 41 13 
a projection type-projector using a transparent liquf^ 
crystal panel as a light vaWe and indudes, for exampSo, eo 
a three-plate prism^ype optical systSA^. 
[024^ In the projecto- 11C0 s&krs^tb Pfe- <^*8. psaj^®- 
tion light emerging from a lam^ 11 02 pjovcdsd 
a white light source is divided into thjKKS prf7¥»Q7y cttoDo 
R, G and B by a plurality of mInoT0 1103 (sstd ««?o tS^s^oi^ C3 
mirrors 1108 in a light guide 1104, and the three primacy 
colors are introduced to three color liquid crystal pan3&3 
mOlF^ 1110G and 1110B for displaying their respedh^Q 



colors^ The light beams nr)odulated by the Hqukl Gfys&cl 
panels 1110R, 1110G and 11108 are incident on a d2iJ&* 
roic prism 1112 from three directton. In the dichfoic piisna 
1112, since the red R and blue B light beams are r&ftc^ 
ed by 90E whereas the green 6 light beam travc&3 
straight. Images of these colors aro combined aitd ^tm 
a color image is projected on a screen or the I8(e thrmt^ 
a projection Bsjn. 

[0244]| The personal computer 1200 sho^ bi Rg. ^ 
indudes a main body 120^ pnyvkted V9i^ q toy boqs^ 
1202 and a lk)u£d crystal display scracn 
102453 The pager 1300 shoiJifn fn FJg. 43 lndiKScx3 o 
liquid crystal display board 1304, a l^htgukSo 1303^?^ 
vided with a back light 1303Q, a drcuSl board 13C3, a 
first shield plate 1310 and a secoTtd shtekS platQ ISDS;, 
two elastic conductoffs 1314 and 1316 and a fiibn csttCct 
tape 1318, which are prevkledfn o metallSciframs ISPS. 
The two elastic conductoro 1314 and 1318 and tfts 
carrier tape 1318 are pTovkicd comsti&nQ th3 C^S3r!^ 
crystal display board 1304 to tto ctvuSl toom^ 
[0248]) The liquid crystal display b&m^ 1304 13 esjiss^ 
posed of a liquid crystSiS errcapsulat^ betvif®c3a &;::s> 
transparent substrato 1304a (and 1^>4&> and ^sm3 c2 
least a dot-matrix DqiM crystal pan;^ One e3 thQ ^pcso 
parent substrate may bo provided m diiv&i3 cc7\5^ 
1004 shown in F^ 40, and additlonaC^. a display tTcOs?* 
mation processing drca£3t 10Q2.C£rocts nsA mounCc^t^ 
the liquid crystal display board 1304 can bo moun&ctOtJS 
a drcuit lx>ard 1 308 sho^bt iF^g. 43 ad an extemcSi^ 
cuit of the liquid crystal display toc^nsi 
[02473 The pager, configuratlcn showsra tn F^ 4^ dg^ 
ther requires a drcuit board 13(0» m well as the Tk^s^^^ 
crystal display board 1 and when a l£gu^ &ys^ 
play .device is used as one un£2 En an electron^ do^^SsD 
and when a display drivSng ctouSt b ntoun&sd ciCs o 
transparent board, the miftSnnnnrwdto^the ISquSd Cffyc^ 
display device is the ISqu!d crystal disp9ay toss^ ISS^ 
Alternatively, the liquid crystal display board 1309 tte^ 
into the metallic frame 1 30S can be used m a (sr^ 
tal display device which b a paTt o7 an electro?^ dcs^^^scx 
Further a back-light-type Cqi£d cry^ dise;^ do^^ 
can be formed by assembS?^ t^ts cjya^ dlos^ . 
board 1304, a light gu5d3 1303 provided Q b®cS( 
1306a into the nrietall^ ITiamo 1303. (tnsl^sstl c^ 
in rtQ. 44, a tape carr!s7 pscCcsso {Ti^J 133§), fja ^sJ^^ 
an IC chip 1324 is packaged ontiOiD poSj^mido ^sr^ D^!^ 
provided with a nrtetaCC!c oonduc^^ CwTiA), (nnoy ^ ■ 
nected to one of th3 tt^ trans^rsTi:^ subs^oCo IS^Oa 
and 1304b of the Rqu5d oystal dispSsiy bocnzS 1S04 Cs>Cxd 
used as a liquid crystal daspSay do^^ oo o 0iC7t gJC^o , 
elec&rast^edcf^^vSD. - 



D; A method for maUbtQ m th£n filinn devto, oontpT&^A^: 
' preparing a head pnyvEded a nosz&D and o 
zoelectric elemsn^, and ctahafg^ o coIMbs^ co 
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lectively onto a region on a substrate from the nOK- 
zle In the head whSe relatively changing positions 
of the substrate and the nozzle. 

2. The method ofdaiml.furtheroomprlsing using the • 
head provided with a plurality of nozzles, end cof^ 
trolling the plurality Of nozzles independently to dte- 
chargethesdufioii. 

3. .Themethodofclaim2,further€bnqirislngarFBhg|^ fO 
the plurality of nozzles two^fimensionally and oon- 
troinng the dischaige of the sotution so that the so- 
lution is appfied onto the entbe-substrata as dots. 

4. A method of forrning a thin film transistor compde- « 
tng: forming a gate electrode atxyve a sut>strafeac 
fomning a gate insulator over said gate electrode; 
fonning e semiconducting layer on said Insulator by . 
discharging a composiOon for said sendoonduding 
leyeronto said insulator from a nozzle in e head pR»- » 
vided with e piezoelectric element; end laming 
source and drain cpntads on aald semloonducfii^ 
layen - • 

3. A method for febficetir^ ah eieclronic device, OQm> » 
prising: maldng a thin mm device further oompriafv 
prepering a head provided wHh a nozzle and « ijto- 
zoelectric element; and discharie^'v a solulidn e^ 
lecthfely onto a region on a substrate from the neoB^ 
zle in the heed while relat^ely changing posaione « 
of the substrate arKl the nozzle; end assembOngtie 
electronic device by using the thin fibn device. 

6. A method for febricating an electronic device, com- 
prising: fonming a thin fim transislor ftnther com- M 
prising: fonming.a gale electrode above a subsiroiae 
fipmilng a gate Insulator over eM gate electrodec 
forming a semiconducting layer on said insulatorby 
discharging a composifion for said semlconducling 
layerontosaidinsulatorfiromanozzle1naheadpfD> 49 
vided with e piezoelecfric elemeni; and forming 
source and drain contacts on sM semiconducfine . 
layer, and a step of assembOng the efodroiie ^ 
vice tfjf using the tMh fUmtraiiulgler, 

4i 

7« A method for fetMrfoating an eledronfo device, com- 
prising: e step of forming e thin film transistor frirthar 
comprising: forming e semlopnductkig layer otwve 
e substrate by dlschar^ a solution frr s^ eem- 
iconductlng layer from e nozzle in e head provided » 
with a piezoelectric element; forming.e gate insula- 
tor above the semioondudlfm layen fonhing a gale 
etecfrode above the gate inaulalor; and fonrtng 
source end drain contacts on said semiconduciinB 
layer;endastepofessembOngtt)eelectrorttede- » 
vice by using the thin lam translite 
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FIG. 8 
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